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ACYLATED ENOLDERVATIVES AS 
PRODRUGS OF ELASTASE INHIBITORS 

This is a continuation, of application Ser. No. 08/420, 
859, filed Apr. 19, 1995, now abandoned, which is a con 
tinuation in part of Ser. No. 08/252,798, filed Jun. 2, 1994, 
now abandoned, which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to compounds which are either 
elastase inhibitors or are prodrugs of elastase inhibitors, 
useful for a variety of physiological and end-use applica 
tions. 
Human neutrophil elastase has been implicated as an 

agent contributing to the tissue destruction associated with a 
number of inflammatory diseases such as chronic bronchitis, 
cystic fibrosis, and rheumatoid arthritis. J. L. Malech and J. 
I. Gallin, New Engl. J. Med.,317(11), 687 (1987). Elastase 
possesses a broad range of proteolytic activity against a 
number of connective tissue macromolecules including 
elastin, fibronectin, collagen, and proteoglycan. The pres 
ence of the enzyme elastase may contribute to the pathology 
of these diseases. 
Normal plasma contains large quantities of protease 

inhibitors that control a variety of enzymes involved in 
connective tissue turnover and inflammation. For example, 
o-1-proteinase inhibitor (o-1-PI) is a serine protease inhibi 
tor that blocks the activity of elastase. 0-1-PI has received 
considerable interest because reduction in plasma levels to 
less than 15% of normal is associated with the early devel 
opment of emphysema. 

In addition to plasma derived protease inhibitors, secre 
tory fluids, including bronchial, nasal, cervical mucus, and 
seminal fluid contain an endogenous protease inhibitor 
called secretory leukoprotease inhibitor (SLPI) that can 
inactivate elastase and is believed to play an important role 
in maintaining the integrity of the epithelium in the presence 
of inflammatory cell proteases. In certain pathological states 
o-1-PI and SLPI are inactivated by neutrophil oxidative 
mechanisms allowing the neutrophil proteases to function in 
an essentially inhibitor-free environment. For example, 
bronchial lavage fluids from patients with adult respiratory 
distress syndrome (ARDS) have been found to contain 
active elastase and ol-1-PI that had been inactivated by 
oxidation. 

In addition to oxidative mechanisms, neutrophils possess 
non-oxidative mechanisms for eluding inhibition by anti 
proteases. Neutrophils from patients with chronic granulo 
matous disease are capable of degrading endothelial cell 
matrices in the presence of excess o-1-PI. There is consid 
erable in vitro evidence that stimulated neutrophils can 
tightly bind to their substrates such that serum antiproteases 
are effectively excluded from the microenvironment of tight 
cell-substrate contact. The influx of large numbers of neu 
trophils to an inflammatory site may result in considerable 
tissue damage due to the proteolysis that occurs in this 
region. 

Applicants have determined that elastase is one of the 
primary neutrophil proteases responsible for cartilage matrix 
degeneration as measured by the ability of neutrophillysate, 
purified elastase and stimulated neutrophils to degrade car 
tilage matrix proteoglycan. Furthermore, applicants have 
previously discovered peptide derivatives useful as elastase 
inhibitors, exerting valuable pharmacological activities. For 
example, peptide derivatives useful as elastase inhibitors 
wherein the carboxy terminal carboxyl group has been 
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2 
replaced by a pentafluoroethylcarbonyl (-COO)CF) group 
and in which the amino terminal amino acid is protected by 
various heterocycle-containing groups such as a 
4-morpholinecarbonyl group are disclosed in European 
Patent Application OPINo. 0529568, inventors Peet et al., 
with a publication date of Mar. 3, 1993. Applicants have 
recently discovered acylated enol derivatives of known 
elastase inhibitors, such as those disclosed in European 
Patent Application OPI No. 0529568, which are useful as 
prodrugs of the known derivatives, or are elastase inhibitors 
in their own right. 

SUMMARY OF THE INVENTION 

The present invention relates to compounds having the 
following formula 1 

K-P-P-P-EAC 1 (SEQ. ID NO. 1) 

wherein 
EAC is a group of the formulae 

CFR3R 
O 

H 

-- N 1N 21 No R 
R 

or 

O 

C 
Y in R H O 2 

--N 21CFRR, 
R 

wherein 

R is -CH, -CH(CH), -CHCHCH, -CHCH 
(CH) or -CH(CH)CHCH; 

R2 is -H, or is a (C-8)alkyl, (C-12)cycloalkyl, (C-o) 
aryl or (Cso)aryl(C1-)alkyl; 

R is -H or -F; 
R is -H, -F, -CF. -CFCF, -CFCFCF, 
-C(O)CRs, or -CO)NRRs or is a (Cs)alkyl, (C- 
12)cycloalkyl, (C-o)aryl or (C-o)aryl(C1-)alkyl; 

R and Rs are each independently -H, or a (Cs)alkyl, 
(C-12)cycloalkyl, (C-o)aryl or (Co-o)aryl(C-6)alkyl; 

P is Ala, bala, Leu, Ile, Val, Nva, bVal. Met. Nile, Gly 
Phe, Tyr, Trp, or Nal(1) where the nitrogen of the 
alpha-amino group can be substituted with an R group 
where R is a (Cs)alkyl, (C-2)cycloalkyl, (C-2) 
cycloalkyl(C1-)alkyl, (C-1)bicycloalkyl, (C-1) 
bicycloalkyl(C1-)alkyl, (C-o)aryl, (Cso)aryl(C1-) 
alkyl, (C)heterocycloalkyl, (C)heterocycloalkyl 
(C1-)alkyl, (C-)heteroaryl, (C-o)heteroaryl(C1-6) 
alkyl, fused (C-o)aryl-(C-12)cycloalkyl, fused (C6-1o) 
aryl(C3-12)cyclo-alkyl(C1-6)alkyl, fused (C5-9) 
heteroaryl(C)cyclo-alkyl, or fused (Cs)heteroaryl 
(C-2)cycloalkyl-(C)alkyl or P is Pro, Ind, Tic, Pip, 
Tca, Pro(4-OBzl), Aze, Pro(4-OAc), Pro(4-OH); 

P is Ala, bAla, Leu, Ile, Val, Nva, bVal, Met, or Nie or 
an N-methyl derivative, Pro, Ind., Tic or Tca, or Lys 
substituted on its epsilon amino group with a 
morpholino-B-group or Orn substituted on its delta 
amino group with a morpholino-B-group; 
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P is Ala, bAla, Leu. Ile, Val, Nva, bVal, Met, or Nile or 
a bond; 

K is hydrogen, formyl. acetyl, succinyl, benzoyl, 
t-butyloxycarbonyl, carbobenzyloxy, tosyl, dansyl, 
isovaleryl, methoxysuccinyl, 1-adamantanesulphonyl, 
1-adamantaneacetyl, 2-carboxybenzoyl, phenylacetyl, 
t-butylacetyl, bis(1-naphthyl)methyl)acetyl, -COO) 
N-(CH), 

O 
O 

-- C-(CH), 
N 

-A-R wherein 
O O O 
I 

A is C-, --c --, an Oa-C --. 
H 

O 
I 

or S- and 

O 

R is an aryl group containing 6, 10 or 12 carbons 
suitably substituted by 1 to 3 members selected inde 
pendently from the group consisting of fluoro, chloro, 
bromo, iodo, trifluoromethyl, hydroxy, alkyl containing 
from 1 to 6 carbons, alkoxy containing from 1 to 6 
carbons, carboxy, alkylcarbonylamino wherein the 
alkyl group contains 1 to 6 carbons, 5-tetrazolyl, and 
acylsulfonamido containing from 1 to 15 carbons, 
provided that when the acylsulfonamido contains an 
aryl the aryl may be further substituted by a member 
selected from fluoro, chloro, bromo, iodo and nitro; and 
such other terminal amino protecting groups which are 
functionally equivalent thereto, or 

--B-z o 
\ / 

wherein 

Z is N or CH, and 
B is a group of the formulae 

O O O O 

aC -- -h-c -c-h-c --, 
R" R" 

O O O 

-C C -- , -SO2 C -- s 

O 
I 

-Ca-NH C --, -so.-- 

5 

10 

15 

25 

30 

35 

45 

65 

4 
-continued 

O N O O N O 

--(O)--- or--(O)--- 
(the wavy line 3 being the attachment to the rest of the 
molecule, i.e., not to Z) and wherein R is hydrogen or 
a C-alkyl group; or a hydrate, isostere or pharmaceu 
tically acceptable salt thereof, useful as prodrugs of 
known elastase inhibitors or inhibit elastase in their 
present form. The compounds of formula 1 thus either 
exhibit an anti-inflammatory effect useful in the treat 
ment of emphysema, cystic fibrosis, adult respiratory 
distress syndrome, septicemia, disseminated intravas 
cular coagulation, gout, rheumatoid arthritis, chronic 
bronchitis and inflammatory bowel disease; or are 
prodrugs of compounds which exhibit such effects. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the comparison of time courses of the 
assay of human neutrophil elastase as described in Example 
9, disclosed herein, using MDL 103.279, over a 60 minute 
time frame with various controls. The abscissa (X-axis) 
represents the absorbance due to the formation of the 
product of the elastase reaction. The ordinate (y-axis) indi 
cates the elapsed time of reaction measured in seconds. The 
increase in absorbance with time represents the rate of the 
elastase reaction. Identity of each time course line is as listed 
below. 

1 elastase-elastase substrate 
2 elastase elastase substrate-esterase 
3 elastase elastase substrate-MDL 103,279 
4 elastase elastase substrate-esterase-MDL 103.279 
FIG. 2 illustrates the comparison of time courses of MDL 

105.457, MDL 104.226, MDL 105.658, control and control 
esterase with MDL 103.279 using the assay of human 
neutrophil elastase as described in Example 9, disclosed 
herein. The abscissa and ordinate are defined the same as 
they are in FIG. 1. Identity of each time course line is as 
listed below. 

1 control 
2 control-esterase 
3 66 mm MDL 105,457--esterase 
466 mm MDL 103.279-02-esterase 
5 66 mm MDL 104.226-esterase 
666 nm MDL 105,658+esterase 

DETALED DESCRIPTION OF THE 
INVENTON 

Isosteres of the compounds of formula 1 include those 
wherein (a) one or more of the O-amino residues of the 
P-P substituents are in its unnatural configuration (when 
there is a natural configuration) or (b) when the normal 
peptidic amide linkage -CO=O)NH-) is modified, such 
as for example, to form -CHNH- (reduced). 
-COCH- (keto), -CH(OH)CH- (hydroxy), -CH 
(NH)CH- (amino), -CH2CH- (hydrocarbon), 
-CH=CH-(alkene). Preferably a compound of the inven 
tion should not be in an isosteric form, particularly it is 
preferred that there be no modified peptidic amide group, but 
if there is, it is preferable to keep the isosteric modifications 
to a minimum. 
As used herein the term "(Cs)alkyl" means a straight or 

branched alkyl group of from 1 to 8 carbon atoms, such as, 
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methyl, ethyl, n-propyl, isopropyl. n-butyl, n-pentyl, sec 
pentyl, iso-pentyl, n-hexyl, heptyl and octyl. Similarly, the 
term "(C)alkyl" means a straight or branched alkyl group 
of from 1 to 6 carbon atoms, such as, methyl, ethyl, n-propyl, 
isopropyl. n-butyl, n-pentyl, sec-pentyl, iso-pentyl and 
n-hexyl. The term "(C)cycloalkyl" means a cyclic alkyl 
group consisting of a 3 to 12 member ring which can be 
substituted by a lower alkyl group, for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
4-methylcyclohexyl, 4-ethylcyclohexyl, cycloheptyl, and 
cyclooctyl. The term "(C-2)cycloalkyl(C)alkyl" means a 
(C1-)alkyl group substituted by a (C-12)cycloalkyl group, 
such as a cyclohexylmethyl or cyclopentylethyl group. The 
term "(C)bicycloalkyl" means an alkyl group containing 
one pair of bridgehead carbon atoms, such as 2-bicyclo 
1.1.0butyl, 2-bicyclo[2.2.1]hexyl, and 1-bicyclo(2.2.2) 
octane. The term "(C-1)bicycloalkyl(C)alkyl" means a 
(C)alkyl substituted by a (C-1)bicycloalkyl, such as 
2-bicyclo-hexylmethyl. The term "(C-o)aryl" means a 
cyclic, aromatic assemblage of conjugated carbon atoms, for 
example, phenyl, 1-naphthyl, and 2-maphthyl. The term 
"(C-o)aryl(C)alkyl” means a (C1-)alkyl substituted by a 
(C-o) aryl, such as benzyl, phenethyl, and 
1-naphthylmethyl. The term "(C)heterocycloalkyl" means 
a nonaromatic, carbon containing cyclic group which con 
tains from 1 to 3 heteroatoms selected from oxygen, nitrogen 
and sulfur, such as morpholinyl and piperidinyl. The term 
"(C)heterocycloalkyl(C)alkyl" means a (C-)alkyl 
group substituted by a (C-)heterocycloalkyl group, for 
example, morpholinomethyl. The term "(Cs)heteroaryl" 
means a cyclic or bicyclic, aromatic assemblage of conju 
gated carbon atoms and from 1 to 3 nitrogen, oxygen, and 
sulfur atoms, for example, pyridinyl, 2-quinoxalinyl, and 
quinolinyl. The term "(C.)heteroaryl(C1-)alkyl" means 
(C1-)alkyl group substituted by a (C5-)heteroaryl group, 
such as, 3-quinolinylmethyl. The term "fused (C-o)aryl 
(C-)cycloalkyl" means a "(C-2)cycloalky" group which 
has one or more sides shared with a "(C-o)aryl" group and 
can, for example, include groups derived by the fusion of 
benzene and cyclopentane, that is 2-indanyl. The term 
"fused (C-o)aryl(C-12)cycloalkyl(C1-)alkyl” means a 
(C)alkyl substituted by a fused (C-o)aryl (C-2) 
cycloalkyl group. The term "fused (Cs)heteroaryl(C-8) 
cycloalkyl" means a (Cl-)heteroaryl group which has one 
or more sides shared with a (Cs)cycloalkyl group and can, 
for example, include groups derived by the fusion of cyclo 
hexane and pyridine, that is tetrahydroquinoline. Finally the 
term "fused (C-)heteroaryl(C-)cycloalkyl(C)alkyl" 
means a (C-8)alkyl substituted by a fused (Cs)heteroaryl 
(Cas)cycloalkyl group. 

Each O-amino acid has a characteristic "R-group", the 
R-group being the side chain, or residue, attached to the 
o-carbon atom of the ot-amino acid. For example, the 
R-group side chain for glycine is hydrogen, for alanine it is 
methyl, for valine it is isopropyl. For the specific R-groups 
or side chains of the O-amino acids see A. L. Lehninger's 
text on Biochemistry. 

Unless otherwise stated, the O-amino acids of these 
peptidase substrate analogs are preferably in their 
L-configuration; however, applicants contemplate that the 
amino acids of the formula 1 compounds can be of either the 
D- or L-configurations or can be mixtures of the D- and 
L-isomers, including the racemic mixture. The recognized 
abbreviations for the O-amino acids are set forth in Table I. 
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TABLE I 

AMNOACD SYMBOL 

Alanine Ala 
Glycine Gly 
Isoleucine le 
Leucine Leu 
Lysine Lys 
Phenylalanine Phe 
Proline Pro 
Tryptophan Trp 
Tyrosine Tyr 
Waline Wall 
Norvaline Nva 
Norleucine Ne 
1-Naphthylalanine Nal(1) 
2-Indolinecarboxylic acid End 
Sarcosine Sar 
beta-Alanine bAla 
beta-Waline Wall 
Methionine Met 
1,2,3,4-Tetrahydro-3- Tc 
isoquinoline carboxylic 
acid 
Thiazolidine-4-carboxylic Tca 
acid 
Ornithine Orn 
Pipecolinic acid Pip 
Azetidine carboxylic acid Aze 
4-Hydroxyproline Pro(4-OH) 
4-Acetoxyproline Pro(4-OAc) 
4-Benzyloxyproline Pro(4-OBzl) 

Preferred embodiments of the subject compounds of the 
present invention are best realized in the compounds of 
formula 1 wherein: 

R is -CH(CH) or -CHCHCH; preferably -CH 
(CH); 

R2 is -H, (C-8)alkyl, (C-12)cycloalkyl or (Cso)aryl; 
preferably -H, methyl, ethyl, n-propyl, isopropyl. 
n-butyl, cyclopentyl, cyclohexyl, cyclohexylmethyl, phe 
nyl or benzyl; 

R is -F; 
R is -H, -F, -CF, -C(O)OR. -C(O)NRRs (Cs) 

alkyl, cyclopentyl, cyclohexyl, phenyl or benzyl; 
Rs and Rs are each independently -H, (C-s)alkyl, 

cyclopentyl, cyclohexyl, phenyl, or benzyl; 
P is a Pro. Pip, Aze or Pro(4-OBzl); 
P is Ile, Val or Ala; 
P is Ala or a bond; 
K is benzoyl, t-butyloxycarbonyl, carbobenzyloxy, 

isovaleryl, -C(O)N(CH), 

---(CH)-(O), 
N 

O O O 

-- c-NH- Cl, 
O 

O --B-z O 
\-/ 

wherein 
Z is N and 
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(Z)-N-4-(4-Morpholinylcarbonyl)benzoyl-L-valyl-N-2- 
(acetyloxy)-3.3-difluoro-1-(1-methylethyl)-1-butenyl-L- 
prolinamide; 

In general, the compounds of Formula 1 may be prepared 
using standard chemical reactions analogously known in the 
art and as depicted in Scheme A, wherein the terms K. P., 
P. P. R. R. R. and R are as defined in formula 1. 

O 

H CFRR H OCR2 
K-P-P-P-N K-P-P-P- 4 3 2 4. 3. 2 

2 or. 1Y CFRR 
a R. b R 

(SEQ. ID NO. 3) (SEQ. ID NO. 4) 

Generally, the acylated enols of formulae 1a and 1b may 
be formed by reacting the peptide of formula 4 with a 
suitable symmetrical anhydride 2 or a suitable mixed anhy 
dride 3 (wherein R, and R are different but are both R. 
groups as defined above) in the presence of an amine base, 
such as the tertiary amines triethylamine and 
N-methylmorpholine or aromatic amines such as 
4-dimethylaminopyridine as well as picolines, collidines and 
pyridine. The reactants may be contacted in a suitable 
organic solvent such as acetonitrile, methylene chloride, and 
the like. The reaction is typically carried out over a period 
of time ranging from about 30 minutes to about 48 hours at 
a temperature within the range of from about -40° C. to 
about 85° C. Generally, temperatures below 0° C. provide 
high ratios of 1a to 1b and 1amay be isolated in its pure form 
by chromatography or recrystallization. Generally, reaction 
temperatures greater than 0° C. provide increasing ratios of 
1b to 1a and 1b may be isolated by chromatography or 
recrystallization. 

Alternatively, the acylated enols of formulae 1a and 1b 
may be formed by reacting the peptide of formula 4 with a 
suitable acid halide of the formula RC(=O)X (X=F, Cl, 
Br, I) in the presence of a weakly basic amine such as the 
picolines, collidines or pyridine. 

European Patent Appl. Publ. No. 0529568 A1 discloses 
the compounds of formula 4 wherein K is 

--B-z O 
\ / 

Z is N or CH; B is a group of the formulae 

O O O O 
I 

-C --, -h-c -c-h-c --, 
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-continued 

O O O 
I 

-C C -- , -SO2 C -- y 

O O 

-C-NH 3-- or-so:-- 

wherein R is hydrogen or a C-alkyl group; R is -F; R. 
is -CF; 
R is the R-group of the amino acids Ala, bala, Leu, Ile, Val, 

Nva, bVal, Met, Nile, Gly, or an N-methyl derivative; 
P is Ala, bala, Leu, Ile, Val, Nva, bVal, Met, Nile, Gly, Phe, 

Tyr, Trp, or Nal(1) where the nitrogen of the alpha-amino 
group can be substituted with an R group where R is a 
(C-6)alkyl, (C-12)cycloalkyl, (C-12)cycloalkyl(C1-6) 
alkyl, (C)bicycloalkyl, (C)bicycloalkyl(C-3)alkyl, 
(C6-1o) aryl, (C6-o) aryl (C1-6) alkyl, (C3-7) 
heterocycloalkyl, (C-)heterocycloalkyl(C)alkyl, 
(C-)heteroaryl, (C-)heteroaryl (C-)alkyl, fused 
(C6-o)aryl(C-12)cycloalkyl, fused (C6-1o)aryl(C-12) 
cyclo-alkyl(C1-)alkyl, fused (C5-9)heteroaryl(C-12) 
cyclo-alkyl, or fused (Cs)heteroaryl(C-12)cycloalkyl 
(C)alkyl, or P is Pro, 1.2.3,4-tetrahydro-3-isoquinoline 
carboxylic acid (Tic), thiazolidine-4-carboxylic acid 
(Tca), or Ind; 

P is Ala, bAla, Leu, Ile, Val, Nva, bVal, Met, or Nile or an 
N-methyl derivative, Pro, Ind., Tic or Tca, or Lys substi 
tuted on its epsilon amino group (defined in the reference 
as the "omega" group) with a morpholino-B-group or Orn 
substituted on its delta amino group (defined in the 
reference as the "omega" group) with a morpholino-B- 
group; and 

P is Ala, bAla, Leu, Ile, Val, Nva, bVal, Met, or Nile or an 
N-methyl derivative or a bond. 

European Patent Appl. Publ. No. 0529568 A1 is enclosed 
herein by reference as if fully set forth. 
Those compounds of formula 4 defined herein, but not 

disclosed in European Patent Appl. Publ. No. 0529568 A1, 
may be prepared by the following synthetic procedures 
which are well known and appreciated by one of ordinary 
skill in the art. 

In general, all of the compounds of formula 4 may be 
prepared using standard chemical reactions analogously 
known in the art and as depicted in Scheme B. 

Scheme B 

HN-CH(R)-C(=O)-CRR 5 

P, P3, K-P Couple 

v 
Scheme B provides a general synthetic scheme for pre 

paring the compounds of formula 4. 
The P. P. and K-P groups can be linked to the free 

amino group of the amino acid derivative of structure 5. 
Note that structure 5 represents the P. moiety wherein the 
free carboxylic acid group has been substituted with a 
"CRR"moiety as defined above. The PP and K-P can 
be linked to the unprotected, free amino compound (P- 
CRR) by well known peptide coupling techniques. 
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Furthermore, the P. P. P. and K-P groups may be linked 
together in any order as long as the final compound is 
K-P-P-P-P-CRR. For example, K-P can be linked to 
P to give K-P-P which is linked to P-P-CRR; or K-P, 
linked to P-P then linked to an appropriately C-terminal 
protected P, and the C-terminal protecting group converted 
to CRR. 

Generally, peptides are elongated by deprotecting the 
o-amine of the N-terminal residue and coupling the next 
suitably N-protected amino acid through a peptide linkage 
using the methods described. This deprotection and coupling 
procedure is repeated until the desired sequence is obtained. 
This coupling can be performed with the constituent amino 
acids in stepwise fashion, as depicted in Scheme B, or by 
condensation of fragments (two to several amino acids), or 
combination of both processes, or by solid phase peptide 
synthesis according to the method originally described by 
Merrifield, J. Am. Chem. Soc., 1963, 85, 2149-2154, the 
disclosure of which is hereby incorporated by reference. 
When a solid phase synthetic approach is employed, the 
C-terminal carboxylic acid is attached to an insoluble carrier 
(usually polystyrene). These insoluble carriers contain a 
group which will react with the carboxylic acid group to 
form a bond which is stable to the elongation conditions but 
readily cleaved later. Examples of which are: chloro- or 
bromomethyl resin, hydroxymethyl resin, and aminomethyl 
resin. Many of these resins are commercially available with 
the desired C-terminal amino acid already incorporated. 

Alternatively, compounds of the invention can be synthe 
sized using automated peptide synthesizing equipment. In 
addition to the foregoing, peptide synthesis are described in 
Stewart and Young, "Solid Phase Peptide Synthesis", 2nd 
ed., Pierce Chemical Co., Rockford, Ill. (1984); Gross, 
Meienhofer, Udenfriend, Eds. "The Peptides: Analysis, 
Synthesis, Biology". Vol 1, 2, 3, 5 and 9, Academic Press, 
New York, 1980-1987; Bodanszky, "Peptide Chemistry: A 
Practical Textbook", Springer-Verlag. New York (1988); and 
Bodanszky, et al. "The Practice of Peptide Synthesis" 
Springer-Verlag, New York (1984), the disclosures of which 
are hereby incorporated by reference. 

Coupling between two amino acids, an amino acid and a 
peptide, or two peptide fragments can be carried out using 
standard coupling procedures such as the azide method, 
mixed carbonic-carboxylic acid anhydride (isobutyl 
chloroformate) method, carbodiimide 
(dicyclohexylcarbodiimide, diisopropylcarbodiimide, or 
water-soluble carbodiimide) method, active ester 
(p-nitrophenyl ester, N-hydroxy-succinic imido ester) 
method, Woodward reagent Kmethod, carbonylidiimidazole 
method, phosphorus reagents such as BOP-Cl, or oxidation 
reduction methods. Some of these methods (especially the 
carbodiimide method) can be enhanced by adding 
1-hydroxybenzotriazole. These coupling reactions can be 
performed in either solution (liquid phase) or solid phase, 
The functional groups of the constituent amino acids 

generally must be protected during the coupling reactions to 
avoid formation of undesired bonds. The protecting groups 
that can be used are listed in Greene, "Protective Groups in 
Organic Chemistry", John Wiley & Sons, New York (1981) 
and "The Peptides: Analysis, Synthesis, Biology". Vol. 3, 
Academic Press, New York (1981), the disclosure of which 
is hereby incorporated by reference. 
The n-carboxyl group of the C-terminal residue is usually, 

but does not have to be, protected by an ester that can be 
cleaved to give the carboxylic acid. Protecting groups which 
can be used include: 1) alkyl esters such as methyl and 
t-butyl, 2) aryl esters such as benzyl and substituted benzyl, 
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12 
or 3) esters which can be cleaved by mild base treatment or 
mild reductive means such as trichloroethyl and phenacyl 
esters. 
The O-amino group of each amino acid to be coupled to 

the growing peptide chain must be protected. Any protecting 
group known in the art can be used. Examples of which 
include: 1) acyl types such as formyl, trifluoroacetyl, 
phthalyl, and p-toluenesulfonyl; 2) aromatic carbamate 
types such as benzyloxycarbonyl (Cbz or Z) and substituted 
benzyloxycarbonyls, 1-(p-biphenyl)-1-methylethoxy 
carbonyl, and 9-fluorenylmethyloxycarbonyl (Fmoc); 3) ali 
phatic carbamate types such as tert-butyloxycarbonyl (Boc), 
ethoxycarbonyl, diisopropylmethoxycarbonyl, and allyloxy 
carbonyl; 4) cyclic alkyl carbamate types such as cyclopen 
tyloxycarbonyl and adamantyloxycarbonyl; 5) alkyl types 
such as triphenylmethyl and benzyl; 6) trialkylsilane such as 
trimethylsilane; and 7) thiol containing types such as phe 
nylthiocarbonyl and dithiasuccinoyl. The preferred o-amino 
protecting group is either Boc or Fmoc, preferably Boc. 
Many amino acid derivatives suitably protected for peptide 
synthesis are commercially available. 
The O-amino protecting group of the newly added amino 

acid residue is cleaved prior to the coupling of the next 
amino acid. When the Boc group is used, the methods of 
choice are trifluoroacetic acid, neat or in dichloromethane, 
or HCl in dioxane or ethyl acetate. The resulting ammonium 
salt is then neutralized either prior to the coupling or in situ 
with basic solutions such as aqueous buffers, or tertiary 
amines in dichloromethane or dimethylformamide. When 
the Fmoc group is used, the reagents of choice are piperidine 
or substituted piperidine in dimethylformamide, but any 
secondary amine or aqueous basic solutions can be used. 
The deprotection is carried out at a temperature between 0° 
C. and room temperature. 
Any of the amino acid bearing side chain functionalities 

must be protected during the preparation of the peptide using 
any of the above-described groups. Those skilled in the art 
will appreciate that the selection and use of appropriate 
protecting groups for these side chain functionalities 
depends upon the amino acid and presence of other protect 
ing groups in the peptide. The selection of such protecting 
groups is important in that it must not be removed during the 
deprotection and coupling of the O-amino group. 

For example, when Boc is used as the O-amino protecting 
group, the following side chain protecting groups are suit 
able: p-toluenesulfonyl (tosyl) moieties can be used to 
protect the amino side chains of amino acids such as Lys and 
Arg; p-methylbenzyl, acetamidomethyl, benzyl (Bzl), or 
t-butylsulfonyl moieties can be used to protect the sulfide 
containing side chains of amino acids such as cysteine; and 
benzyl (Bzl) ether can be used to protect the hydroxy 
containing side chains of amino acids such as Ser or Thr. 
When Fmoc is chosen for the o-amine protection usually 

tert-butyl based protecting groups are acceptable. For 
instance, Boc can be used for lysine, tert-butyl ether for 
serine and threonine and tert-butyl ester for glutamic acid. 
Once the elongation of the peptide is completed all of the 

protecting groups are removed. When a solution phase 
synthesis is used, the protecting groups are removed in 
whatever manner is dictated by the choice of protecting 
groups. These procedures are well known to those skilled in 
the art. 
When a solid phase synthesis is used, the peptide is 

cleaved from the resin usually simultaneously with the 
protecting group removal. When the Boc protection scheme 
is used in the synthesis, treatment with anhydrous HF 
containing additives such as dimethyl sulfide, anisole, 
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thioanisole, or p-cresol at 0°C. is the preferred method for 
cleaving the peptide from the resin. The cleavage of the 
peptide can also be accomplished by other acidic reagents 
such as trifluoromethanesulfonic acid/trifluoroacetic acid 
mixtures. If the Fmoc protection scheme is used the 
N-terminal Fmoc group is cleaved with reagents described 
earlier. The other protecting groups and the peptide are 
cleaved from the resin using a solution of trifluoroacetic acid 
and various additives such as anisole, etc. 

Alternatively, the compounds of formula 4 may be pre 
pared using standard chemical reactions analogously known 
in the art and as depicted in Scheme C. 

Scheme C 

H2N-CH(R)-CH(OH)-CFR3R 6 

P Ps, K-P Couple 

Oxidation 

K-P-P-P-IN-CH(R)-C(=O)-CFRR 4 
(SEQ. ID NO. 5) 

Scheme C provides an alternative general synthetic scheme 
for preparing the compounds of formula 4. 
The P, P and K-P groups can be linked to the free 

amino group of the amino alcohol derivative of structure 6 
as described previously in Scheme B to give the peptido 
alcohol of structure 7. 
The alcohol functionality of the peptido alcohol of struc 

ture 7 is then oxidized by techniques and procedures well 
known and appreciated by one of ordinary skill in the art, 
such as a Swern Oxidation using oxalyl chloride and 
dimethylsulfoxide, to give the compounds of formula 4. 

Starting materials for use in Schemes B and C are readily 
available to one of ordinary skill in the art. For example, 
amino acids P, P and K-P wherein K is hydrogen are 
commercially available. In addition, amino protecting group 
K where in K is acetyl, succinyl, benzoyl, 
t-butyloxycarbonyl, carbobenzyloxy, tosyl, dansyl, 
isovaleryl, methoxysuccinyl, 1-adamaritanesulphonyl, 
1-adamantaneacetyl, 2-carboxbenzoyl, phenylacetyl, 
t-butylacetyl, bis (1-naphthyl)methyl)acetyl or -A-R 
wherein A is 

O O 
I 

-C-, -NH-C-, -O-C- or --. 
O 

O O 
I 

and RZ is an aryl group containing 6, 10 or 12 carbons 
suitably substituted by 1 to 3 members selected indepen 
dently from the group consisting of fluoro, chloro, bromo, 
iodo, trifluoromethyl, hydroxy, alkyl containing from 1 to 6 
carbons, alkoxy containing from 1 to 6 carbons, carboxy, 
alkylcarbonylamino wherein the alkyl group contains 1 to 6 
carbons, 5-tetrazolyl, and acylsulfonamido (i.e., acylamino 
sulfonyl and sulfonylaminocarbonyl) containing from 1 to 
15 carbons, provided that when the acylsulfonamido con 
tains an aryl the aryl may be further substituted by a member 
selected from fluoro, chloro, bromo, iodo and nitro; and such 
other terminal amino protecting groups which are function 
ally equivalent thereto are described in European Patent 
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Application OPINo. 0363284, Apr. 11, 1990. Furthermore, 
dimethyl carbamoyl chloride is commercially available and 

O 

---(CH), O 
N 

is available via a literature preparation J. Amer. Chem. Soc. 
(1980), 102,5530-8 for compounds of formula 1 wherein 
K is -CO)N-(CH), or 

O 

-- -(CH2)2 O 
N , 

respectively. Synthetic procedures for converting said com 
pounds into K-P substituents are well known and appreci 
ated by one of ordinary skill in the art. 

Starting amino compounds of formula 5 are readily avail 
able to one of ordinary skill in the art. For example, certain 
protected amino compounds of formula 5 wherein CFRR 
is -CF, -CHF, -CFC(=O)NHR' or -CFC(=O) 
OR (wherein R=C straight or branched alkyl, phenyl, 
cyclohexyl, cyclohexylmethyl or benzyl) are described in 
European Patent Application OPINo. 0195212, inventors 
Michel Jung et al., with a publication date of Sep. 24, 1986. 
In addition, amino compounds of formula 5 wherein 
CFRR is -CF, -CF(CH2)CH (wherein t=2, 3 or 4), 
or -CFCF are described in European Patent Application 
OPINo. 0503203, Sep. 16, 1992. Amino compounds of 
formula 5 wherein CFRR is -CFH are described in 
Biochen. J. (1987), 241, 871-5, Biochem. J. (1986), 239, 
633-40 and U.S. Pat. No. 4,518.528, May 21, 1985. Amino 
compounds of formula 5 wherein CFRR is -CFCF are 
described in European Patent Application Publ. No. 
0410411. inventors Bey et al., with a publication date of Jan. 
30, 1991, as well as in European Patent Application OPINo. 
0529568, inventors Peet et al., with a publication date of 
Mar. 3, 1993. Likewise, amino compounds of formula 5 
wherein CFRR is CFC(=O)NHR' (wherein R is (C) 
alkyl, aryl or arylalkyl) are described in Patent Application 
No. PCT/US91/09741, inventors Daniel Schirlin et al., filed 
Dec. 20, 1991. The above references are incorporated herein 
by reference as if fully set forth. 

In addition, other starting materials for use in Schemes B 
and C may be prepared by the following synthetic proce 
dures which are well known and appreciated by one of 
ordinary skill in the art. 

Substituted amino acids K-P of structure wherein K is 

-B-Z O 

\-/ 

wherein 
Z is N or CH, and 
B is a group of the formulae 

O O O O 
I 

-C-, -CH-C-, -C-CH-C-, 
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-continued 

O O O 
I I 

-C C-, -SO C 

O O 

-C-NH C 

O N O O N O 
I --(O)----(O)-- 

wherein R is hydrogen or a C- alkyl group are prepared 
using standard chemical reactions analogously known in the 
art. 
The procedure for preparing the substituted amino acids 

K-P, wherein Kis 

wherein B is a -C=O)- is outlined in Scheme D wherein 
P, and Z are as previously defined or are the functional 
equivalents of these groups. 

Scheme D 

- O 
H 

O Z-C-Cl 8 

\ / 

P 

/ v 
O Z-C-P 9 

\ / 

Specifically the amino acids K-P wherein K is 

a-BZ, O 

wherein B is a -C(=O)- are prepared by coupling of the 
amino acid K-P wherein K is hydrogen with an acid 
chloride of structure 8 in the presence of from one to four 
molar equivalents of a suitable amine which can act as a 
hydrogen halide acceptor. Suitable amines for use as hydro 
gen halide acceptors are tertiary organic amines such as 
tri-(lower alkyl)amines, for example, triethylamine, or aro 
matic amines such as picolines, collidines, and pyridine. 
When pyridines, picolines, or collidines are employed, they 
can be used in high excess and act therefore also as the 
reaction solvent. Particularly suitable for the reaction is 
N-methylmorpholine ("NMM"). The coupling reaction can 
be performed by adding an excess, such as from 1-5, 
preferably about a 4-fold molar excess of the amine and then 
the acid chloride of structure 8, to a solution of the amino 
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16 
acid K-P wherein K is hydrogen. The solvent can be any 
suitable solvent, for example, petroleum ethers, a chlori 
nated hydrocarbon such as carbon tetrachloride, ethylene 
chloride, methylene chloride, or chloroform; a chlorinated 
aromatic such as 1,2,4-trichlorobenzene, or 
o-dichlorobenzene; cartoon disulfide; an ethereal solvent 
such as diethylether, tetrahydrofuran, or 1.4-dioxane, or an 
aromatic solvent such as benzene, toluene, or xylene. Meth 
ylene chloride is the preferred solvent for this coupling 
reaction. The reaction is allowed to proceed for from about 
15 minutes to about 6 hours, depending on the reactants, the 
solvent, the concentrations, and other factors, such as the 
temperature which can be from about 0°C. to about 60°C., 
conveniently at about room temperature, i.e. 25° C. The 
N-protected amino acids K-P wherein Kis 

/ V 
-B-Z. O 

wherein B is a -C=O)-can be isolated from the reaction 
mixture by any appropriate techniques such as by chroma 
tography on silica gel. 
The substituted amino acids K-P wherein K is 

v 
-Ba-Z O 

wherein B is other than a -C(=O)- can be prepared 
analogously, merely by substituting the appropriate inter 
mediate 

-Ana-B-Z O 

wherein B is other than a-C(=O)- and A is C or OH (the 
corresponding acid, acid chloride or sulphonyl chloride) for 
the compound of structure 8 in Scheme D. 
The acid chloride of structure 8 and the appropriate 

intermediate of formula 

-A-B-Z. O 

wherein B is other than a-C(=O)- and A is Clor OH (the 
corresponding acid, acid chloride or sulphonyl chloride) are 
commercially available or may be readily prepared by 
techniques and procedures well known and appreciated by 
one of ordinary skill in the art. 

For example, the appropriate intermediates of formula 

O N O / 
C O 

may be prepared as outlined in Scheme E wherein all 
substituents are as previously defined. 
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Scheme E 

O O 

h.co- - oH Acid-chloride Formation 
step a 

N 

10 

Amidation 

H-N O 12 

H3CO-C O C-Cl step 
N 

11 

O Q - 
Hydrolysis 

HCO-C O C-N o-raise 
N \-/ 

13 

O Q - 
I 

HO-C O C-N O 
N \-/ 14 

Scheme E provides a general synthetic procedure for 
preparing the appropriate intermediates of formula 

C-Z. O 

O N 

--(O 
wherein Z is as previously defined. 

In step a, the carboxylic acid functionality of the appro 
priate 2.5-pyridinedicarboxylic acid, 2-methyl ester 10 
(Nippon Kagaku Zasshi, 1967, 88, 563) is converted to its 
acid chloride using techniques and procedures well known 
and appreciated by one of ordinary skill in the art, such as 
thionyl chloride, to give the corresponding 
6-carbomethoxynicotinoyl chloride 11. 

In step b, the acid chloride 11 is amidated with morpho 
line 12 by techniques and procedures well known and 
appreciated by one of ordinary skill in the art to give the 
corresponding 5-(morpholine-4-carbonyl)-2- 
pyridinecarboxylic acid, methyl ester 13. 

In step c, the methyl ester functionality of 13 is hydro 
lyzed by techniques and procedures well known and appre 
ciated by one of ordinary skill in the art, with for example, 
lithium hydroxide in methanol, to give 5-(morpholine-4- 
carbonyl)-2-pyridinecarboxylic acid 14. 

In addition, the appropriate intermediate of formula 

O N O 
I --(O 

may be prepared as outlined in Scheme F wherein all 
substituents are as previously defined. 

C-N O 
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Scheme F 

O O 

h.co- O -o: Estigion 
N 

O 

Amidation 

/-v 
O O H-N O 12 

h.co--(O)--occhi-As? 
N 

15 

f / \ 
(CH3)3CO-C O C-N o-s, is e 

N \-/ 

16 

/ v 
HO-C O C-N O 

N \ / 

17 

Scheme F provides a general synthetic procedure for 
preparing the appropriate intermediates of formula 

O N 

--(O 
wherein Z is as previously defined. 

In step a, the free carboxylic acid functionality of 2.5- 
pyridinedicarboxylic acid, 2-methyl ester 10 (Nippon 
Kagaku Zasshi, 1967, 88, 563) is converted to its t-butyl 
ester using techniques and procedures well known and 
appreciated by one of ordinary skill in the art, such as the 
t-butyl alcohol adduct of dicyclohexylcarbodiimide 
(Synthesis, 1979, 570), to give the corresponding 2.5- 
pyridinedicarboxylic acid, 2-methyl ester, 5-t-butyl ester 15. 

For example, the 2.5-pyridinedicarboxylic acid, 2-methyl 
ester 10 is combined with a molar excess of the t-butyl 
alcohol adduct of dicyclohexylcarbodiimide in an appropri 
ate organic solvent, such as methylene chloride. The reaction 
is typically conducted at a temperature range of from 0°C. 
to room temperature and for a period of time ranging from 
2-24 hours. The 2.5-pyridinedicarboxylic acid, 2-methyl 
ester, 5-t-butyl ester 15 is isolated from the reaction mixture 
by standard extractive methods as is known in the art and 
may be purified by crystallization. 

In Step b, the methyl ester functionality of 15 is amidated 
with morpholine 12 to give the corresponding 
6-(morpholine-4-carbonyl)nicotinic acid, t-butyl ester 16. 

For example, the 2.5-pyridinedicarboxylic acid, 2-methyl 
ester, 5-t-butyl ester 15 is contacted with a molar excess of 
morpholine in an appropriate organic solvent, such as tet 
rahydrofuran. The reaction is typically conducted at a tem 
perature range of from room temperature to reflux and for a 
period of time ranging from 5 hours to 3 days. The 
6-(morpholine-4-carbonyl)nicotinic acid, t-butyl ester 16 is 

O - 
I 
C-2 O 
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isolated from the reaction mixture by standard extractive 
methods as is known in the art and may be purified by 
crystallization. 

In step c, the t-butyl ester functionality of 16 is 
hydrolyzed, with for example, HCl in nitromethane, to give 
the corresponding 6-(morpholine-4-carbonyl)nicotinic acid 
17. 

In general, the compounds of formula 4 may be prepared 
using standard chemical reactions analogously known in the 
art. For those compounds of formula 4 where CFRR is 
-CFH, -CFH or -CF, intermediates for the applica 
tion of the standard peptide coupling techniques are com 
pounds of formula Dia-b wherein X is CFRR when 
CFRR is -CF, 

-CFH or -CFH, and R is as previously defined in 
formula 1. Similarly, designations P. P. P. and K shown 
in the foregoing schemes are as defined informula 1, except 
that any subgeneric or other modifications thereof are high 
lighted by the use of a primed symbol with a specific 
designation for such modified symbol. Note that in scheme 
G, the designation "X" is used to denote a subgeneric 
modification of the CFRR group. The preparation and 
application of these compounds are depicted in scheme G. 

Scheme G 

O 

(XCO)o 
O 

R CO2H Ao R X N 2 s- O ( A 
N s HNCOR6 HNCORs 

18 

Base Peptide R 22-ses sella Ele S->x 
KPPPNH 

23(SEQID No. 7) 

O 

Swen R - S 23 ES) 1. S 
KPPPNH 

HO OH 

24a(SEQ. ID NO.8) 24b (SEQ.I.D NO.9) 

wherein R is phenyl or other equivalent moiety, and X is 
-CFH or -CF. H. A means an acid. All the 
substituents, unless otherwise indicated, are as previously 
defined. The reagents and starting materials are readily 
available to one of ordinary skill in the art. 
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20 
In general the formation of the substituted azlactones 19 

is effected from the N-protected amino acids 18 by standard 
reaction conditions wherein the amino acid derivative 18 is 
heated in the presence of an acid anhydride. The 
so-produced azlactone 19 is reacted with a di- or trifluoro 
acetic acid anhydride or acid halide to give a fluorinated 
intermediate which (with or without isolation) is treated with 
anhydrous oxalic acid to produce the N-protected fluorinated 
ketone 20 whereupon the ketone is chemically reduced to its 
alcoholic amide 21. The amide 21 is cleaved under standard 
acidic conditions to yield its amide acid salt (e.g., its 
hydrochloride 22). After neutralization, the alcohols IIa may 
be coupled to KPPPOH using standard peptide chemistry 
techniques to produce compounds 23 which are subjected to 
the Swern oxidation procedure to obtain the desired product 
24a and 24b (the ketone or hydrate respectively). 
Alternatively, the alcohols Ia may be oxidized to the 
ketones IIb which are coupled to KPPPOH according to 
standard peptide chemistry techniques. When employing 
this alternative route, the amino moiety is first protected with 
a Boc protecting group, the OH function oxidized to its 
ketone via Swern oxidation procedures, and then the Boc 
protecting group removed and the resulting compounds Ib 
are the coupled to KPPPOH. 

Scheme G is also applicable for the preparation of com 
pounds of formula 4 wherein CFRR is -CFR, wherein 
R" is (C1-s)alkyl, (C-12)cycloalkyl, (C6-1o)aryl or (C6-o) 
aryl(C)alkyl, the substituted azlactones 19 being treated 
with an acid halide in the presence of a base such as 
triethylamine, followed by 4-dimethylaminopyridine 
(Tetrahedron Letters, 1986. 4437-4440). 

Likewise, scheme Gis also applicable for the preparation 
of compounds of formula 4 wherein CFRR is -CFCF, 
the substituted azlactones 19 being treated with pentafluo 
ropropanoic acid anhydride or acid halide. 
An alternate route for the preparation of compounds of 

formula 4 wherein CFRR=-CFCF, is shown in scheme 
H. 

Scheme H 

R1 R 

OH -CH rers Step a PgNH-CH N N O Spas N1 No-CH, 
5 O 26 

/e r 
C CHs KPPPNH-C N PgNH- CFCF 

Yo-CH, 
O O 
27 (SEQ.D NO. 10) 

Stepb 
Stepd 

KPPPNH-CH 
N 
O 

2 

28 

CFCF 

29 (SEQ.D NO. 11) 

The required starting material defined by compound 25 is 
readily available either commercially or by applying known 
prior art principles and techniques. The term “Pg" refers to 
a suitable protecting group as more fully defined previously. 
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In Scheme H, step a the protected amino acid 25 is 
transformed into the hydroxamate 26. This amidation can be 
performed utilizing a coupling reaction as between two 
amino acids using the protected amino acid 25 and the 
N-alkyl O-alkylhydroxylamine. The standard coupling reac 
tion can be carried out using standard coupling procedures 
as described previously for the coupling between two amino 
acids to provide the hydroxamate 26. 

In step b, the protected hydroxamate 26 is transformed 
into the protected pentafluoroketone 28 or 29). This reac 
tion can be performed utilizing a reaction of the type 
described in the following reference M. R. Angelastro, J. P 
Burkhart, P. Bey, N. P. Peet, Tetrahedron Letters, 33 (1992), 
3265-3268. 

In step c, the hydroxamate 26 is deprotected under con 
ditions well known in the art as described by T. H. Green 
"Protection Groups in Organic Synthesis". John Wiley and 
Sons, 1981, Chapter 7, to provide the deprotected hydrox 
amate. The deprotected hydroxamate is elongated by cou 
pling the next suitably protected amino acid through a 
peptide linkage using the methods previously described in 

R 

O 

15 

22 
analogous to that used for the corresponding hydroxamate. 
Steps c and d would be the same as those employed when 
utilizing the hydroxamate 26. 
Sheme H is also applicable for the preparation of com 

pounds of formula 4 wherein CFRR is -CFCFCF or 
-CFCFCFCF, the amino acid ester 26a being alkylated 
with from 4-8 equivalents of perfluoropropyl iodide or 
perfluorobutyl iodide in the presence of from 4-8 equiva 
lents of MeLi/LiBrin a suitable anhydrous solvent, such as 
ether, THF or toluene; the reaction being carried out at 
reduced temperature of from -100° C. to 0°C., preferably 
from -30° C. to -80° C. to provide the protected perfluo 
ropropyl amino ketone and the protected perfluorobutyl 
amino ketone, respectively. Steps c and d would be the same 
as those employed when utilizing the hydroxanate 26. 

For the preparation of compounds of formula 4 wherein 
CFRR is CFC(=O)-NRR, wherein Rs and Rs are as 
defined in Formula 1, scheme I may be used. 

Schene I 

R R 
step a 

CF O reira BC3oEs pers N Et 
OH O 

rer's 
OH 

33 (SEQ.IDNO.12) 

step ' 
R1 

CF, NHR5R6 repairs r 
34 (SEQ.IDN.O. 13) 

Scheme G, or by condensation of fragments, or combination 
of both processes to provide the elongated peptide 27. 

In step d, the ketone 28 is deprotected under conditions as 
previously described. The deprotected ketone 28 is elon 
gated by coupling the next suitably protected amino acid 
through a peptide linkage using the methods previously 
described in Scheme G, or by condensation of fragments, or 
combination of both processes to provide the elongated 
ketone 29. 

Alternatively, the corresponding protected amino acid 
ester of 25 (i.e. PgNH-CH(R)C(=O)0R, 26a, wherein 
R" is as defined above can be substituted for the hydrox 
amate 26. The corresponding protected amino acid esters of 
25 are commercially available or easily synthesized from 25 
by procedures well known by one of ordinary skill in the art. 
In step b, the amino acid ester 26a, is transformed into the 
protected pentafluoroketone 28 or 29.) in a manner directly 

50 

55 

65 

30 31 

stepb 35 

Ri 

CF NHR5Rs Sec reurs- NHR5Rs s" < y 
32 

In effecting the steps of scheme I it is preferred to start 
with the aldehyde 30 wherein the protecting group is a 
carbamate preferably wherein Pg is benzyloxycarbonyl 
(CBZ). This so-protected aldehyde is subjected to a conden 
sation reaction with an ester of bromodifluoroacetic acid, 
preferably the ethyl ester in the presence of zinc. Preferably 
the reaction is conducted in an anhydrous aprotic solvent, 
e.g., tetrahydrofuran, ether, dimethoxyethane and the like 
under a nitrogen atmosphere. The reaction mixture is gently 
heated under reflux conditions, preferably to about 60° C. 
for about 1-12 hours. Ester 31 in scheme I is converted to 
the secondary or tertiary amide 32 by treatment with the 
corresponding primary amines 35 under anhydrous 
conditions, preferably using such solvents as THF. The 
amidation is initiated at 0°C. or atroom temperature and the 
reaction mixture might be heated to reflux for completion of 
the reaction. 
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In step c, the so-formed amide 32 is deprotected under 
conditions well known in the art as described by T. H. Green, 
"Protective Groups in Organic Synthesis". John Wiley and 
Sons, 1981, Chapter 7, to provide the deprotected amide of 
structure 32. The deprotected amide is elongated by cou 
pling the next suitably protected amine and through a 
peptide linkage using the methods previously described in 
scheme B or by condensation of fragments, or by combina 
tion of both processes to provide the elongated peptide 33. 

In step d the alcohol functionality of the alcohol 33 is then 
oxidized by techniques and procedures well known and 
appreciated of one ordinary skill in the art, such as Swern 
oxidation using oxalyl chloride and dimethylsulfoxide, to 
give the compounds of formula 34. 

For the preparation of compounds of formula 4 wherein 
CFRR is CFC(=O)-ORs, wherein R is as defined in 
Formula 1, scheme J may be used. 

Scheme J 

R R 
step a 

CF reurs CHO BCEORY rers N ORs 
OH. O. 

30 36 

1. Deprotect 
step Couple 

R1 

CF resis n ORs 
OH. O. 

37 (SEQ.I.D.No. 14) 

4.step c 
R 

CR ORs wers 
38 (SEQ. ID NO. 15) 

Stepa is similar to Scheme I, step a and is applicable to 
all definitions of R. Likewise, scheme J, step b is the same 
or similar as that employed in scheme I, step c and scheme 
J, step c is the same or similar as that employed in scheme 
I, step d. 

All of the amino acids employed in the synthesis of 
Formula 1 are either commercially available or are easily 
synthesized. For example, the amino acid derivative Pro(4- 
OAc) defined in P can be made by esterifying a Pro residue 
by utilizing techniques well-known by one of ordinary skill 
in the art. 

In addition, amino compounds of structure 5 wherein 
CFRR is -CHFR, wherein R is (Cs)alkyl, (C-2) 
cycloalkyl (Cso)aryl or (Cso)aryl(Cs)alkyl, may be 
prepared as described in Scheme Kwherein all substituents 
are as previously defined. Note that while the amino group 
is protected by t-butyloxycarbonyl, other suitable amino 
protecting groups, as described above, may be substituted by 
those skilled in the art. 
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Scheme K 

AMDATION BocNH-CH-CO2H -amine 
39 

R O ALKYLATION 
RCH2M 41 

BocNH-CH-C-N-OCH, or se tep 

40 CH 

FLUORINATION 
RSO-NOF)-SOR 43 

BocNH-CH-C-CHR grge 
42 

DEPROTECTION 

BocNH-CH-E-CHFR - Cl Eoac 
47 

R1 O 
II 

HCl HNH-CH-C-CHFR' 

47a 

R = CF3, Phenyl 
M = Li, Mg 

w O Ye 
44 = V 45 - 

n-f - 
$n $n f no f no 

O O 

Cl 

46 = 
C 

s 1 n 
2 o? W 

O 

In step a, the appropriate acid of structure 39 is amidated 
with N-methyl-N-methoxyamine by techniques and proce 
dures well known and appreciated by one of ordinary skill 
in the art, such as a coupling reaction using 1,3- 
dicyclohexylcar bodiimide (DCC) and 
1-hydroxybenzotriazole (HOBT) to give the corresponding 
amide of structure 40. 

In step b, the appropriate amide of structure 40 is alky 
lated with the appropriate alkyl metal compound of structure 
41 to give the corresponding keto compound of structure 42. 

For example, the appropriate amide of structure 40 is 
treated with the alkyl metal compound of structure 41 in a 
suitable aprotic, anhydrous organic solvent such as tetrahy 
drofuran or diethyl ether. The reaction is typically conducted 
at a temperature range of from -78° C. to -40° C. and for 
a period of time ranging from 30 minutes to 5 hours. The 
corresponding keto compound of structure 42 is recovered 
from the reaction zone by extractive methods as is known in 
the art and may be purified by chromatography. 

In step c, the appropriate keto compound of structure 42 
is fluorinated with the N-fluorosulfonimide compound of 
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structure 43, or the alternative fluorination reagents 44, 45 or 
46 to give the protected amino compounds of structure 47 
which is the amino compound of structure 5 in which the 
amino terminal group is substituted with a Boc group and 
CPRR is -CHFR. 

For example, the appropriate keto compound of structure 
42 is treated with an appropriate non-nucleophilic base, such 
as lithium diisopropylamide in a suitable anhydrous aprotic 
organic solvent, such as tetrahydrofuran at a temperature 
range of from -78° C. to -40° C. and for a period of time 
ranging from 5 minutes to 2 hours. The reaction mixture is 
then treated with the N-fluorosulfonimide compound of 
structure 42 and the reaction conducted at a temperature 
range of from -78° C. to -40°C. and for a period of time 
ranging from 30 minutes to 10 hours. The N-t-Boc protected 
amino compounds of structure 5 wherein CFRR is 
-CHFR" is recovered from the reaction zone by extractive 
methods as is known in the art and may be purified by 
chromatography. 
The following examples present typical syntheses. These 

examples are understood to be illustrative only and are not 
intended to limit the scope of the present invention in any 
way. As used herein, the following terms have the indicated 
meanings: "g” refers to grams; “mmol” refers to millimoles; 
"mL" refers to milliliters; "bp" refers to boiling point; "mp” 
refers to melting point; “C.” refers to degrees Celsius; “mm 
Hg" refers to millimeters of mercury; "L" refers to micro 
liters; "ug” refers to micrograms; and "M" refers to micro 
molar; "EtN" refers to triethylamine; "CHCl" refers to 
methylene chloride; "EtOAc" refers to ethyl acetate; 
“NMM" refers to N-methylmorpholine; "IBCF refers to 
isobutyl chloroformate; "DMF" refers to N,N- 
dimethylformamide, Combustion analyses fell withint0.4% 
of the calculated values. NMR spectra were obtained in 
CDC, unless otherwise noted. "H and 'CNMR signals are 
reported in ppm from tetramethylsilane and 'FNMR signals 
are reported in ppm from CFCla. Coupling constants are 
reported in Hertz (Hz). 

EXAMPLE 1. 

Preparation of (E)-N-(4-(4-Morpholinylcarbonyl) 
benzoyl-L-valyl-N-2-(acetyloxy)-3.3.4.4.4- 
pentafluoro-1-(1-methylethyl)-1-butenyl)-L- 

prolinamide 

-n O (CfO-1. 
O 

Hc1N CH3 

MDL 103,279 

To a stirred solution of N-4-(4-morpholinylcarbonyl) 
benzoyl)-L-valyl-N-3.3.4.4.4-pentafluoro-1-(1- 
methylethyl)-2-oxobutyl-L-prolinamide (2.00 g, 3.16 
mmole, EP Pat. Appl. Publ. No. 0529568 A1), EtN (0.66 
mL, 4.74 mmole) and 4-dimethylaminopyridine (0.77 g, 
6.32 mmole) in CH2Cl (8 mL) under N atmosphere and 
cooled to -20°C. (dry ice-CCI bath), add acetic anhydride 

15 

25 

30 

35 

45 

55 

26 
(0.89 mL, 9.48 mmole), dropwise and over a five (5) minute 
period. After 1.5 hours at -20°C., dilute the reaction mixture 
with CHCl (70 mL) and wash the organics with 0.5N 
aqueous hydrochloric acid (2x50 mL) followed by 50 mL of 
a mixture of 0.5N aqueous hydrochloric acid-brine (1:9). 
Drying (MgSO) and concentration gives the crude product. 
The crude product can be recrystallized from ethyl acetate 
hexane to provide the title compound as a white crystalline 
solid (MDL 103.279; 2.25 g. 85% yield, two crops), mp 
127-137° C. (dec). 

TLC R0.34 (1:9 acetone-EtOAc). 

"HNMR 88.02 (brs, 1H, NHC=C), 7.88-7.84 (m. 2H, 
% aryl), 7.51–7.46 (m.2H, y2 aryl), 6.85 (brid, 1H, J=8.9Hz, 
NH), 4.87 (dd. 1H, J=6.3, 8.8 Hz, CH), 4.65 (dd, 1H, J-2.6, 
8.0 Hz, CH), 3.92-3.54 (m, 8H), 3.39 (bris, 2H), 2.73 
(septet, 1H, J=6.9Hz, CHC=C), 2.52-2.42 (m. 1H), 2.24 (s, 
3H, COCH), 2.25-1.85 (m, 4H), 1.08 (d, 3H, J=6.9 Hz, 
CH), 1.07 (d, 3H, J=6.7 Hz, CH), 1.05 (d. 3H, J=6.8 Hz, 
CH), 1.01 (d. 3H, J=6.8 Hz, CH). 

'FNMR 8-83.55 (s, CF), -116.50 (brs, CF). 

MS (CI, CH,) m/z (rel intensity) 675 (MH, 25), 359 
(100), 317(75), 262(28), 230(40), 210(22), 70(52). 

Anal. (CHF.N.O.) C.H.N. 

EXAMPLE 2 

Preparation of (E)-N-(4-(4-Morpholinylcarbonyl) 
benzoyl-L-valyl-N-(33.444-pentafluoro-1-(1- 
methylethyl)-2-(1-oxopropoxy)-1-butenyl-L- 

prolinamide 
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O 

Hc1N CH 

O 

-n O O 
H N- l fo: N H O CH3 

Nef car, 
O 

H3C CH 
MDL 105,457 

To a stirred solution of N-4-(4-morpholinylcarbonyl) 
benzoyl)-L-valyl-N-3.3.4.4.4-pentafluoro-1-(1- 
methylethyl)-2-oxobutyl-L-prolinamide (0.50 g., 0.79 
mmole), Et N (0.16 mL, 1.19 mmole) and 
4-dimethylaminopyridine (0.19 g, 1.58 mmole) in CHCl 
(2 mL) under N2 atmosphere and heated to reflux, add acetic 
anhydride (0.22 mL, 2.37 mmole), dropwise. After 30 min 
utes at reflux, cool the reaction mixture, dilute the reaction 
mixture with CHCl (45 mL) and wash the reaction mixture 
with 0.5N aqueous hydrochloric acid (2x35 mL) followed 
by 25 mL of a mixture of 0.5N aqueous hydrochloric 
acid-brine (1:9). Drying (MgSO) and concentration gives 
the crude product. Flash chromatography (5X17 cm silica gel 
column) eluting with ethyl acetate, followed by recrystalli 
zation from diethyl ether gives MDL 105.457 as a white 
solid. Yield: 49 mg (9%) yield. 
TLCR=0.17 (EtOAc). 
'HNMR 87.96 (brs, 1H, NHC=C), 7.89-7.83 (m. 2H, 

%aryl), 7.53-7.46 (m,2H, A, aryl), 6.78 (brd, 1H, J-8.7 Hz, 
NH), 4.84 (dd. 1H, J=6.6, 8.8 Hz, CH), 4.61 (dd. 1H, J-2.6, 
8.0Hz. CH), 3.97-3.53 (m, 8H), 3.41 (brs, 2E).3.13 (septet, 
1H, J-6.7 Hz, CHC=C), 2.50–2.39 (m, 1H), 2.20-2.03 and 
2.01-1.87 (pr m, 4H), 2.13 (s.3H, COCH), 1.11 (d, 6H, 
J=6.7 Hz, 2xCH), 1.06(d,3H, J=6.7 Hz, CH), 1.02(d,3H, 
J=6.7 Hz, CH). 
'FNMR 8-84.73 (t, J=3 Hz, CF), -113.63 (brs, CF). 
MS (CI, CH) m/z (rel intensity) 675 (MH'. 17), 635(16), 

385C100), 121(30). 

EXAMPLE 5 

Preparation of (E)-N-(1,1-Dimethylethoxy) 
carbonyl-L-alanyl-L-alanyl-N-(2-(acetyloxy)-3,3,3- 

trifluoro-1-(1-methylethyl)-1-propenyl)-L- 
prolinamide (SEQ. ID NO. 2) 

"if ... i N CH-C- N N-- 
H 

CH3 O CH 

MDL 45,037 

Method A: To a stirred solution of N-(1,1- Dimethylethoxy)carbonyl)-L-alanyl-L-alanyl-N-3,3,3- 
trifluoro-1-(1-methylethyl)-2-oxopropyl-L-prolinamide 
(1.00 g, 1.97 mmole, EP Pat. Appl. Publ. No. 0195212) in 
CHCN (5 ml) under N atmosphere and cooled to -20° C. 
(dry ice-CCI bath), is added acetic anhydride (0.56 mL. 
5.90 mmole) followed immediately b 
4-dimethylaminopyridine (480 mg. 3.93 mmole). After 
hours at -20°C., the reaction mixture is diluted with CHCl, 
(75 mL) and washed with 0.5N aqueous hydrochloric acid 
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30 

35 

45 

60 

(2x50 mL) followed by 50 mL of a mixture of 0.5N 
hydrochloric acid-brine (1:9). Drying (MgSO) and concen 
tration gives the crude product. Flash chromatography (6x17 
cm silica gel column) eluting with ethyl acetate-hexane 
(85:15) gives MDL 45,037 (0.54 g (50% yield) as a white 
solid; mp=111-114 C. (dec). 
TLCR-0.35 (EtOAc). 
HNMR 88.44 (brs, 1H, NHC=C), 7.88 (brid, 1H, J=6.7 

Hz, NH), 5.29 (brd, 1H, J=74 Hz, NH), 4.944.82 (m, 1H, 
CH), 4.75 (dd. 1H, J=2.8, 8.0 Hz, CH), 4.61-4.45 (m. 1H, 
CH), 3.79-3.68 and 3.683.57 (pt m, 2H, CHN), 2.70 
(septet, 1H, J=6.9Hz, CHC=C), 2.36-1.96 (m, 4H), 2.23 (s. 
3H, COCH), 1.44 (s, 9H, O-t-Bu), 1.33 (d. 3H, J=6.8 Hz, 
CH.), 1.24 (d, 3H, J=6.8 Hz, CH,), 1.00 (d,3H, J=6.8 Hz, 
CH), 0.96 (d. 3H, J=6.90 Hz, CH). 

CNMR 8 1722, 1719, 1712, 167.9, 155.7, 1399, 
132.9 (q.J=35.0 Hz), 119.9 (q, J-274.5 Hz, CF), 80.4, 49.5, 
47.5, 46.2, 30.2, 28.3, 28.25, 27.9, 24.9, 20.1, 2002, 19.96, 
19.1, 19.0, 18.5. 
'FNMR 8-66.04 (s, CF.). 
IR (CHCl, film) 3428, 3293, 2980, 2936, 2878, 1788, 

1670, 1630, 1460, 1370, 1333, 1244, 1219, 1179, 1141, 
1117, 756 cm. 
MS (CI, CH) m/z (rel intensity) 551 (MH', 38), 495 

(100), 453(18), 452(17), 340(17),309(52), 284(13), 70(19). 
Anal. (CHFNO) C.H.N. 
Method B: To a stirred solution of N-(1,1- 

Dimethylethoxy)carbonyl)-L-alanyl-L-alanyl-N-3,3,3- 
trifluoro-1-(1-methylethyl)-2-oxopropyl)-L-prolinamide 
(254 mg. 0.50 mmole, EP Pat. Appl. Publ. No. 0195212) in 
pyridine (1.25 mL) under N atmosphere and cooled in an 
ice-water bath is added acetic anhydride (0.47 mL, 5.0 
mmole) dropwise. After 26 hours, the reaction mixture is 
diluted with CHCl (45 mL) and the organics washed with 
0.5N aqueous hydrochloric acid (2x30 mL) followed by 40 

N. J. NeYo.1NCH, 
O 

H3 CH 

mL of a mixture of 0.5N aqueous hydrochloric acid-brine 
(1:9). Drying (MgSO) and concentration gives crude prod 
uct (0.32g, 91% (E)-enol acetate, <3% starting material.3% 
(Z)-enol acetate by 'FNMR). Flash chromatography (3x16 
cm silica gel column) eluting with ethyl acetate-hexane (4:1) 
gives MDL 45,037. 
The intermediates of the title compounds of examples 

6-8, wherein the CFRR substituent is -CF, may all be 
synthesized from the processes of scheme L. 





5,698,523 
33 34 

-continued 
Scheme L 

O ~ H O 

N-N- H N N N CF 
O 

O 

53 

EXAMPLE 6 

Preparation of (E)-N-(4-(4-Morpholinylcarbonyl) 
benzoyl)-L-valyl-N-(2-(acetyloxy)-3,3,3-trifluoro-1- 

(1-methylethyl)-1-propenyl-L-prolinamide 

~ O O CO, 1. H 
N 

1N 
CH O 

HC 
MDL 103,467 

Step a: N-(1,1-Dimethylethoxy)carbonyl)-L-valyl- 55 
N-3,3,3-trifluoro-2-hydroxy-1-(1-methylethyl) 

propyl)-L-prolinamide (49) 
To a stirred solution of Boc-L-Val-L-Pro-OH (2.00 g, 6.36 

mmol) in CHCN (85 mL) under nitrogen atmosphere and 
cooled to -18° C. is added NMM (0.70 mL, 6.36 mmol) 60 
followed by IBCF (0.83 mL, 6.36 mmol). After 15 min, add 
a light suspension of 48 (a single pair of enantiomers, 1.78 
g. 6.36 mmol) and NMM (0.70 mL, 6.36 mmol) in CHCN 
(25 mL). Stir for 3 hours and then allow the reaction mixture 
to warm to room temperature. Concentrate the reaction 65 
mixture and partition the residue between CHCl (400 mL) 
and 0.5N aqueous hydrochloric acid (200 mL). The acidic 

53 

aqueous layer is extracted with additional CHCl (100 mL) 
and the combined organic extracts are washed with 0.5N 
aqueous hydrochloric acid, saturated aqueous NaHCO 
(2x200 mL) and brine (125 mL). Drying (MgSO) and 
concentration gives crude 49. Trituration with EtO-hexane 

CH 

and filtration gives 49 (2.41 g (81%), mixture of two 
diastereomers, ratios 1:1) as an off-white solid, 
"HNMR (DMSO-d) 87.70 (brid, 0.5H, NH), 7.39 (brid, 

0.5H, NH), 6.77 (brid, 0.5H, NH), 6.71 (brid, 0.5H, NH), 
6.39 (d, 0.5H, OH), 6.36 (d. 0.5H, OH), 440-426 (m. 1H, 
CH), 4.09-3.94 (m. 2H), 3.94-3.46 (m,3H), 2.20-1.60 (m, 
6H), 1.37 (s, 9H. tsu). 0.98-0.72 (m. 12H, 4XCH). 
'FNMR 8-74.04 (d. J-6.8 Hz, CF, diastereomer A), 

-74.14 (d, J=6.8 Hz. CF, diastereomer B). 
MS (DCL CH) m/z (rel intensity) 468 (MH', 40), 412 

(92), 368 (100). 
Anal. (CHFN.O.) C.H.N. 
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Step b: N-(1,1-Dimethylethoxy)carbonyl)-L-valyl 
N-3,3,3-trifluro-1-(1-methylethyl)-2-oxopropyl)-L- 

prolinamide (50) 

To a stirred solution of oxalyl chloride (0.31 mL, 3.56 
mmol) in CHCl (30 mL) cooled to -60° C. is added 
DMSO (0.51 mL, 7.12 mmol) dropwise. After 6 min, a 
solution of 49 (1.11 g, 2.37 mmol) in a mixture of CHCl 
(5 mL) and DMSO (3 mL) is slowly added and, 20min later, 
EtN (1.99 mL, 14.25 mmol) is added. The reaction mixture 
is allowed to warm to room temperature, diluted with 
CHCl (100 mL) and washed with 0.5N aqueous HCl 
(2x150 mL), and half-saturated aqueous NaHCO (2x100 
mL) followed by brine (75 mL). Drying (MgSO) and 
concentration gives 50 (1.06 g. 96%, mixture of two 
diastereomers, ratios1:1) as a white foam. 
"HNMR 87.98 (brid, 0.5H, NH), 7.61 (brid, 0.5H, NH), 

5.23 (d. 1H, NH), 4.87-4.79 (m. 1H, CH), 4.74 (dd, 0.5H, 
CH), 4.64 (dd, 0.5H, CH), 4.36-4.24 (m, 1H, CH), 
3.82-3.68 and 3.65-3.54 (pr m, 2H, CHN), 2.57-1.76 (m, 
6H, CHCH and 2xCH), 142 (s, 9H, thu), 1.10-0.87 (n, 
12H. 4xCH). 
'FNMR 5-76.94 (s, CF, diastereomer A), -77.00 (s, 

CF, diastereomer B). 
MS (DCI, CH) m/z (rel intensity) 466 (MH, 58), 410 

(100). 390 (17), 366 (17). 
HRMS (CHFNO)(MH) calcd 466.2529, obsd 

466.2507. 

Step c: N-L-valyl-N-3,3,3-trifluro-1-(1- 
methylethyl)-2-oxopropyl-L-prolinamide, 

Hydrochloride Salt (51) 

A stirred solution of 50 (1.19 g, 2.56 mmol) is cooled to 
0° C. and treated with HCl gas until saturation. The mixture 
is stirred at 0°C. for 30 min and the solvent is removed in 
vacuo to give 51 (1.0 g, 97%, mixture of 2 diastereomers of 
ketone form and 2 diastereomers of hydrate form. 3:1 ratio 
of diastereomers and 4:1 ratio of hydrate to ketone) as a 
white solid. 
'HNMR (DMSO-d) & 8.80 (d. J=7.15 Hz, 0.1H, NH), 

8.73 (d, J-7.15 Hz, 0.2H, NH), 8.14 (bs, 5H), 7.69 (d, J=10.2 
Hz, 1H, NH), 7.52 (d, J-10.2 Hz, 0.2H, NH), 6.93 (s, 0.3H, 
OH), 6.90 (s, 0.7H, NH), 6.84 (s, 0.7H, NH), 6.79 (s, 0.3H, 
NH), 4.75 (series of m, 2H), 4.04-3.91 (series of m, 3H), 
3.73 (m. 2H), 3.47 (m, 2H), 2.34-1.66 (series of m, 6H, 
2xb-CH of Val and CHCH), 1.06-0.77 (m. 12H, 4xCH). 

FNMR (DMSO-d) 8-74.84 (s, COCF), -74.98 (s, 
COCF), -80.88s, C(OH)CF, -81.10s, C(OH),CF). 
IR (KBrpellet)3431,2970, 1647, 1595, 1506,1471,1172 

C 

MS (DCI, CH) m/z (rel intensity) 366 (MH", 100), 267 
(48), 197 (20), 169 (25). 
HRMS (CHFNO) (MH" free amine) calcd 

366.2005, obsd 366.1995. 

Step d: N-4-(4-Morpholinylcarbonyl)benzoyl-L- 
valyl-N-3,3,3-trifluro-1-(1-methylethyl)-2- 

oxopropyl-L-prolinamide (52) 
To a stirred suspension of 4-(4-morpholinylcarbonyl) 

benzoic acid (1.10 g, 4.68 mmol) in 1,2-dichloroethane (10 
mL) is added benzyltriethylammonium chloride (5 mg) and 
thionyl chloride (4.80 mmol, 0.35 mL) and the mixture is 
heated to reflux. After 2 hours, cool the reaction solution to 
room temperature and concentrate in vacuo to give the acid 
chloride. The acid chloride is dissolved in CHCl (10 mL) 
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36 
and added to a solution of 51 (1.00g, 2.49 mmol) and NMM 
(0.82 mL, 7.50 mmol) in CHCl (10 mL). Stir for 3 hours, 
dilute with CHCl (50 mL) and wash with 0.5N aqueous 
hydrochloric acid (2x40 mL), saturated aqueous NaHCO 
(2x40 mL) and brine (25 mL). Drying (MgSO) and con 
centration gives crude 52. Purification by flash chro 
matograpy (1:19, acetone:EtOAc) gives 52 (2:1:LLL:LLD) 
as a white foam. Yield=1.20 g (82%). 
"HNMR 87.85 (d. J=8.0 Hz, 2H, aryl), 7.76(d, J=7.0 Hz, 

0.33H, NH), 7.47 (d, J=8.0 Hz, 2H, aryl), 7.34 (d.J-7.5 Hz, 
0.66H, NH), 6.80 (d, J-8.6 Hz, 1H, NH), 4.86 (m. 2H), 4.70 
(dd, J-8.0, 2.13 Hz, 0.33H, CH of Pro), 4.61 (dd, J-8.3.3.1 
Hz, 0.66H, CH of Pro), 3.91-3.35 (m. 10H), 2.53-1.80 
(series of m, 6H. 2x3-CH of Val and CHCH), 1.12-0.88 
(m, 12H, 4xCH). 
'FNMR 8-76.89 (s, CF), -76.96 (s, CF.). 
MS (DCL CH) m/z (rel intensity) 583 (MH, 20), 317 

(10), 267 (100). 
HRMS (CHFNO) (MH) calcd 583.2793, obsd 

583.2765. 

Step e: (E)-N-4-(4-Morpholinylcarbonyl)benzoyl 
L-valyl-N-(2-(acetyloxy)-3,3,3-trifluro-1-(1- 

methylethyl)-1-propenyl)-L-prolinamide (MDL 103. 
467) 

Treatment of 52 with acetic anhydride, according to the 
general procedure of Example 5, Method A, followed by 
flash chromatography eluting with acetone-ethyl acetate 
(1:9) and recrystallization from ethyl acetate-hexane gives 
MDL 103.467 (38% yield, mp 121°-129° C) as fine white 
needles. 

TLCR, 0.34 (15:85 acetone-EtOAc). 
"HNMR 88.01 (brs, 1H, NHC-C), 7.89-7.84 (m. 2H, 

% aryl), 7.51–7.46 (m,2H, 4 aryl), 6.83 (brd, 1H, J=8.8 Hz, 
NH), 4.87 (dd, 1H, J=6.3, 8.7 Hz, CH), 4.67 (dd. 1H, J=2.4, 
8.0 Hz, CH), 3.93-3.52 (m, 8H), 3.40 (bris, 2H), 2.72 
(septet, 1H, J=6.9Hz, CHC=C), 2.55–2.45 (m, 1H), 2.25 (s, 
3H, COCH.), 2.23-2.02 (m, 3H), 1.99-1.85 (m. 1H), 1.07 
(d, 3H, J=6.9 Hz, CH,), 1.06 (d. 3H, J=6.9 Hz, CH,), 1.05 
(d, 3H, J=6.9 Hz, CH), 1.01 (d. 3H, J=6.7 Hz, CH). 
'FNMR 8-67.30 (s, CF.). 
MS (CLCH) m/z (rel intensity) 625 (MH".90), 414(17), 

3.09(100), 86(35), 85(38). 
Anal. (CoHFN.O.) C.H.N. 

EXAMPLE 7 

Preparation of (E)-N-(4-Morpholinylcarbonyl)-L- 
valyl-N-(2-(acetyloxy)-3,3,3-trifluoro-1-(1- 
methylethyl)-1-propenyl-L-prolinamide 

o 1N O 

Rul N N-N-1s * Ili 
N a No CH3 

HC CH O 

H CH 
MDL 105,070 

Step a: N-(4-Morpholinylcarbonyl)-L-valyl-N-33. 
3-trifluoro-1-(1-methylethyl)-2-oxopropyl)-L- 

prolinamide (53) 
To a stirred solution of 51 (430 mg, 1.07 mmol) in CHCl 

(35 mL) under argon is added NMM (0.24 mL, 2.14 mmol) 
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followed immediately by 4-morpholinecarbonyl chloride 
(0.50 mL, 4.28 mmol). After 2.5 hours, the reaction mixture 
is concentrated to give crude 53. Purification by flash 
chromatography (20:80::acetone:EtOAc) gives 53 (240 mg. 
47%, mixture of 2 diastereomers of ketone form and 2 
diastereomers of hydrate form, ratios9:9:1:1, respectively) 
as a White solid. 

'FNMR 8 -76.94 (s, COCF), -77.01 (s, COCF.), 
-82.51 s, C(OH)CF), -83.04 s, C(OH)CF. 
MS (DCI, CH) m/z (rel intensity) 479 (MH, 62), 

267(43), 213(100), 185(22). 
HRMS (CHFNO) (M") calcd 478.2403, obsd 

478.2401. 

Step b: (E)-N-(4-Morpholinylcarbonyl)-L-valyl-N- 
2-(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1- 

propenyl)-L-prolinamide (MDL 105.070) 
Treatment of 53 with acetic anhydride, according to the 

general procedure of Example 5, Method A, followed by 
flash chromatography eluting with acetone-ethyl acetate 
(1:9) gives MDL 105,070 (6% yield) as a white solid. 
TLCR0.33 (15:85 acetone-EtOAc). 
"HNMR 88.12 (brs, 1H, NHC=C), 5.12 (brid, 1H, J-8.5 

Hz, NH), 4.68 (dd, 1H, J=1.6, 7.7 Hz, CH), 4.52 (dd. 1H, 
J-6.5, 8.5 Hz, NH), 3.92-3.79 (m, 1H, A, CHN), 3.75-3.59 
(m, 5H, A, CHN and CHOCH), 3.49-3.31 (m, 4H, 
CHNCH), 2.71 (septet, 1H, J=6.9 Hz, CHC=C), 
2.55-2.43 (m, 1H), 2.25 (s, 3H, COCH), 2.16-1.81 (m, 
4H), 1.05 (d, 3H, J=6.8 Hz, CH,), 1.04 (d. 3H, J-70 Hz, 
CH), 1.01 (d. 3H, J=6.8 Hz, CH), 0.96 (d, 3H, J=66 Hz, 
CH). 
'FNMR 8-67.33 (s, CF.). 
MS (CI, CH) m/z (rel intensity) 521 (MH,59), 501(10), 

461(17), 337(10), 309(68), 213(100), 185(22), 114(10), 
85(10), 84(15), 70(12). 
HRMS (CHFNO) (MH) calcd 521.2587, obsd 

521.2603. 

EXAMPLE 8 

Preparation of (E)-N-(4-(4-Chlorophenyl) 
sulfonylaminocarbonylbenzoyl-L-valyl-N-(2- 
(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1- 

propenyl)-L-prolinamide 

°ssei 
N 

Or: H S C --- 
O 

HgC1 NCH, 

MDL 105,928 

Method A; step a: N-(4-(4-Chlorophenyl) 
sulfonylaminocarbonylbenzoyl-L-valyl-N-3,3,3- 

trifluoro-1-(1-methylethyl)-2-oxopropyl-L- 
prolinamide (54) 

To a stirred light suspension of 4-(4-chlorophenyl) 
Sulfonylaminocarbonylbenzoic acid (0.68g, 2.02 mmol; EP 
Pat. Appl. Publ. No. 0189305 B1) in CHCl (18 mL) and 

38 
DMF (2 mL) under argon is added oxalyl chloride (0.18 mL, 
2.02 mmol) dropwise. After 50 minutes, add a solution of 51 
(0.81 g, 2.02 mmol) and NMM (1.00 mL. 9.07 mmol) in 
CHCl (8 mL). Stir for 3 hours and then pour the reaction 

5 mixture into HO (75 mL) and separate the layers. The 
aqueous phase is extracted with additional EtOAc (2x35 
mL) and the combined organic extracts are washed with 1N 
aqueous hydrochloric acid (2x30 mL) followed by brine (30 
mL). Drying (MgSO) and concentration gives crude 54. 

10 Purification by flash chromatography gradient (54-74%) of 
EtOAc in hexane containing 1% acetic acid gives 54 (0.96 
g (70%), (1:1::LLL:LLD) as a white solid foam. 
"HNMR 8 10.40 (bris, 1H, SONH), 8.11-8.03 and 

7.79-7.71 and 7.68-7.60 and 7.56-7.49 (four m, 8H, 2xAr), 
15 7.28-7.13 (m. 2H, 2xNH), 4.97-4.84 (m, 2H, 2xCH), 4.67 

(dd, 0.5H, o-CH), 4.59 (dd, 0.5H, ot-CH), 3.99-3.86 and 
3.77-3.61 (pr m, 2H, CHN), 2.47-1.83 (m, 6H), 1.140.81 
(m. 12H, 4xCH). 
'FNMR 8 -76.89 (s, CF, diastereomer A), -76.97 (s, 

20 CF diastereomer B). 
MS (DCI, CH) m/z (rel intensity) 687 (MH', 38), 267 

(100), 249 (45), 247 (58). 
HRMS (CHCIFNOS) (MH) calcd 687.1867, obsd 

25 687.1841. 

Step b: (E)-N-(4-(4-Chlorophenyl) 
sulfonylaminocarbonylbenzoyl-L-valyl-N-(2- 
(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1- 

propenyl-L-prolinamide (MDL 105,928) 

Treatment of 54 with acetic anhydride, according to the 
general procedure of Example 5, Method A, followed by 
flash chromatography eluting with a gradient (0-0.5%) of 

35 acetic acid in EtOAc) gives the title compound of Example 
8. 

Method B: Treatment of 54 with acetic anhydride, accord 
ing to the alternative general procedure of Example 5, 
Method B, followed by flash chromatography eluting with 
a gradient (0-0.5%) of acetic acid in ethyl acetate gives a 
49% yield of the title compound of Example 8. 
TLCR,0.38 (0.5:99.5 acetic acid-EtOAc) 
"HNMR 8 10.08 (brs, 1H, NHSO), 8.06 (d. 2H, J=8.0 

Hz, aryl), 7.87 (brs, 1H, NHC=C), 7.77 (d. 2H, J-7.8 Hz, 
aryl), 7.65 (d. 2H, J=7.8 Hz, aryl), 7.51 (d. 2H, J=8.0 Hz, 
aryl), 7.05 (brd, 1H, J-7.3 Hz, NH), 492 (dd, 1H, J=6.7, 7.8 

40 

CF. O H 
N l 21 No CH 

O 

H3 CH 

Hz, CH), 4.65 (dd. 1H, J=1.8, 7.3 Hz, CH), 396-3.83 (m, 
1H, V, CHN), 3.76-3.65 (m. 1H, 4 CHN), 2.71 (septet, 
1H, J=6.8 Hz, CHC=C), 2.46-2.34 (m, 1H), 2.25 (s, 3H, 
COCH3). 2.25-1.89 (m), 1.07 (d. 3H, J=6.7 Hz, CH), 1.03 
(d,3H, J=6.8 Hz, CH), 1.01 (d, 3H, J=6.8 Hz, CH), 0.99 
(d. 3H, J=6.9 Hz, CH,). 
'FNMR 8-67.00 (s, CF,). 

65 
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MS (CI, CH) m/z (rel intensity) 729 (MH'. 100), 709 
(10), 669 (13), 518 (25), 309 (100), 212 (10), 70 (28). 

Anal. (CHCIFNOS.1HO)C.H.N. 
EXAMPLE 9 

Alternative Preparation of Boc-Val-CFCF, 

CH O 
H 

CH-C- N N CFCF 
CH3 O 

Hs CH 
MDL 101,286 

A mixture of 288.0 g (1.11 mol) of Boc-Val N-methyl 
O-methylhydroxamic acid and 4.7L of anhydrous EtO was 
charged to a 12-L 3-necked flask fitted with a stirrer, 
thermometer, dry ice condenser, gas dispersion tube and 
continuous N purge. The resulting solution was cooled to 
-60° C. to -65°C. Atotal of 885.2 g (3.60 mol) of CFI was 
added via a gas dispersion tube over about 30 min to the 
solution of Boc-Val N-methyl-O-methyl hydroxamic acid 
while maintaining a temperature of about -65 C. Immedi 
ately upon completing the gas addition, a total of 2.39 L of 
1.5M CHLi Li Br in EtO (3.59 mol) was added over 1 h 
maintaining a reaction temperature of -52 C. to -58 C. A 
precipitate formed after about/ of the CHLi LiBrhad been 
added but a complete solution was present at the end of the 
addition. The resulting solution was stirred at -52° C. to 
-58° C. for 1 h. The reaction was monitored by GC (R, of 
MDL 101.286=1.3 min, R, of Boc-Val N-methyl-O-methyl 
hydroxamic acid=5.1 min) and found to contain 7.2% of 
Boc-Val N-methyl-O-methyl hydroxamic acid. A total of 
255 mL (3.47 mol) of acetone was added over about 15 min 
maintaining a reaction temperature of -52°C. to -58 C. and 
the resulting mixture was stirred for 10 min. The mixture 
was quenched into a 22 L flask containing 4.7 L of 0.75M 
KHSO, which had been cooled to about 0°C. The organic 
layer was separated and washed with 3 L of HO. The 
organic layer was dried using 500 g of MgSO, and filtered 
to remove the drying agent. The filtrate was concentrated at 
40° C./100 torr to a semi-solid weiging 409 g. The crude 
material was dissolved in 1.2 L of hexane at 45° C. and 
cooled slowly over about 30 minto -25° C. to -30°C. The 
solid which crystallized was filtered off and washed with 250 
mL of hexane at -30° C. The MDL 101,286 obtained was 
vacuum dried (25 C/100 torr) to give 176.7 g. The filtrate 
was concentrated at 35 C/100 torr to a residue weighing 
153.5 g. The material was put on a Kugelrohr distillation 
apparatus and a forerun was collected up to 40°C/0.6 torr. 
The receiver was changed and a total of 100.5 g of crude 
MDL 101,286 was collected at 40° C.-60 C/0.6 torr. The 
crude product was dissolved in 500 mL of hexane at about 
50° C. The resulting solution was cooled to -30° C. The 
solid which crystallized was filtered off and washed with 100 
mL of cold (-30°C.) hexane. The product was vacuum dried 
at 25°C/100 torr to give another 68.0 g of MDL 101.286 for 
a total yield of 244.7 g (70% yield) which was 99.9% pure 
by GC, 

Anal. Calcd. for CHFNO (319.28): C, 45.14, H, 
5.68, N, 4.39; Found: C, 45.30, 45.49, H. 5.50, 5.58, N, 4.26. 
4.35. 

In a further embodiment, the present invention provides a 
method for the treatment of a patient afflicted with a neu 
trophil associated inflammatory disease comprising the 
administration thereto of a therapeutically effective amount 
of a compound of formula I. The term "neutrophil associated 
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inflammatory disease” refers to diseases or conditions char 
acterized by the migration of neutrophils to the site of 
inflammation and its participation in proteolytic degradation 
of biological matrices. Neutrophil associated inflammatory 
diseases for which treatment with a compound of formula I 
will be particularly useful include: emphysema, cystic 
fibrosis, adult respiratory distress syndrome, septicemia, 
disseminated intravascular coagulation, gout, rheumatoid 
arthritis, chronic bronchitis and inflammatory bowel disease. 
Compounds of formula I which are particularly preferred for 
the treatment of neutrophil associated inflammatory diseases 
include: 

(E)-N-(4-(4-morpholinylcarbonyl)benzoyl-L-valyl-N-(2- 
(acetyloxy)-3,3,444-pentafluoro-1-(1-methylethyl)-1- 
butenyl-L-prolinamide 

(E)-N-4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-3.3, 
4.4.4-pentafluoro-1-(1-methylethyl)-2-(1-oxopropoxy)- 
1-butenyl)-L-prolinamide 

(E)-N-(4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-33, 
4,4,4-pentafluoro-1-(1-methylethyl)-2-(2-methyl-1- 
oxopropoxy)-1-butenyl-L-prolinamide 

(Z)-N-4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-(2- 
(acetyloxy)-3.3.4.4.4-pentafluoro-1-(1-methylethyl)-1- 
butenyl)-L-prolinamide 

(E)-N-(1,1-dimethylethoxy)carbonyl)-L-alanyl-L-alanyl 
N-2-(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1- 
propenyl-L-prolinamide 

(E)-N-4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-(2- 
(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1- 
propenyl)-L-prolinamide 

(E)-N-(4-morpholinylcarbonyl)-L-valyl-N-(2-(acetyloxy)- 
3,3,3-trifluoro-1-(1-methylethyl)-1-propenyl)-L- 
prolinamide 

(E)-N-(4-(4-chlorophenyl)sulfonylaminocarbonyl) 
benzoyl)-L-valyl-N-(2-(acetyloxy)-3,3,3-trifluoro-1-(1- 
methylethyl)-1-propenyl-L-prolinamide. 

As used herein, the term "patient" refers to a warm 
blooded animal such as a mammal which is afflicted with a 
particular inflammatory disease state. It is understood that 
guinea pigs, dogs, cats, rats, mice, horses, cattle, sheep, and 
humans are examples of animals within the scope of the 
meaning of the term. 
The term "therapeutically effective amount" refers to an 

amount which is effective, upon single or multiple dose 
administration to the patient, in providing relief of symp 
toms associated with neutrophil associated inflammatory 
diseases. As used herein, "relief of symptoms” of a respi 
ratory disease refers to a decrease in severity over that 
expected in the absence of treatment and does not neces 
sarily indicate a total elimination or cure of the disease. In 
determining the therapeutically effective amount or dose, a 
number of factors are considered by the attending 
diagnostician, including, but not limited to: the species of 
mammal; its size, age, and general health; the specific 
disease involved; the degree of or involvement or the 
severity of the disease; the response of the individual 
patient; the particular compound administered; the mode of 
administration; the bioavailability characteristics of the 
preparation administered; the dose regimen selected; the use 
of concomitant medication; and other relevant circum 
Stances. 
A therapeutically effective amount of a compound of 

formula I is expected to vary from about 0.1 milligram per 
kilogram of body weight per day (mg/kg/day) to about 100 
mg/kg/day. Preferred amounts are expected to vary from 
about 0.5 to about 10 mg/kg/day. 
The compounds of this invention are prodrugs of highly 

potent inhibitors of elastase, particularly human neutrophil 
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elastase or are inhibitors of elastase in their own right. It is 
believed that the compounds of this invention exert their 
inhibitory effect through inhibition of the enzyme elastase 
and thereby provide relief for elastase-mediated diseases 
including but not limited to emphysema, cystic fibrosis, 
adult rspiratory distress syndrome, septicemia, disseminated 
intravascular coagulation, gout, rheumatoid arthritis, 
chronic bronchitis and inflammatory bowel disease. 
However, it is understood that the present invention is not 
limited by any particular theory or proposed mechanism to 
explain its effectiveness in an end-use application. 

In effecting treatment of a patient afflicted with a disease 
state described above, a compound of formula I can be 
administered in any form or mode which makes the com 
pound bioavailable in effective amounts, including oral, 
aerosol, and parenteral routes. For example, compounds of 
formula I can be administered orally, by aerosolization, 
subcutaneously, intramuscularly, intravenously, 
transdermally, intranasally, rectally, topically, and the like. 
Oral or aerosol administration is generally preferred. One 
skilled in the art of preparing formulations can readily select 
the properform and mode of administration depending upon 
the particular characteristics of the compound selected the 
disease state to be treated, the stage of the disease, and other 
relevant circumstances. Remington's Pharmaceutical 
Sciences, 18th Edition, Mack Publishing Co. (1990). 
The compounds can be administered alone or in the form 

of a pharmaceutical composition in combination with phar 
maceutically acceptable carriers or excipients, the propor 
tion and nature of which are determined by the solubility and 
chemical properties of the compound selected, the chosen 
route of administration, and standard pharmaceutical prac 
tice. The compounds of the invention, while effective 
themselves, may be formulated and administered in the form 
of their pharmaceutically acceptable salts, such as for 
example, acid addition salts, for purposes of stability, con 
venience of crystallization, increased solubility and the like. 

In another embodiment, the present invention provides 
compositions comprising a compound of formula I in 
admixture or otherwise in association with one or more inert 
carriers. These compositions are useful, for example, as 
assay standards, as convenient means of making bulk 
shipments, or as pharmaceutical compositions. An assayable 
amount of a compound of formula I is an amount which is 
readily measurable by standard assay procedures and tech 
niques as are well known and appreciated by those skilled in 
the art. Assayable amounts of a compound of formula I will 
generally vary from about 0.001% to about 75% of the 
composition by weight. Inert carriers can be any material 
which does not degrade or otherwise covalently react with a 
compound of formula I. Examples of suitable inert carriers 
are water; aqueous buffers, such as those which are generally 
useful in High Performance Liquid Chromatography 
(HPLC) analysis; organic solvents, such as acetonitrile. 
ethyl acetate, hexane and the like; and pharmaceutically 
acceptable carriers or excipients. 
More particularly, the present invention provides phar 

maceutical compositions comprising a therapeutically effec 
tive amount of a compound of formula I in admixture or 
otherwise in association with one or more pharmaceutically 
acceptable carriers or excipients. 
The pharmaceutical compositions are prepared in a man 

ner well known in the pharmaceutical art. The carrier or 
excipient may be a solid, semi-solid, or liquid material 
which can serve as a vehicle or medium for the active 
ingredient. Suitable carriers or excipients are well known in 
the art. The pharmaceutical composition may be adapted for 
oral, parenteral, or topical use and may be administered to 
the patient in the form of tablets, capsules, suppositories, 
solution, suspensions, or the like. 
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The compounds of the present invention may be admin 

istered orally, for example, with an inert diluent or with an 
edible carrier. They may be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic 
administration, the compounds may be incorporated with 
excipients and used in the form of tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, chewing gums and the 
like. These preparations should contain at least 4% of the 
compound of the invention, the active ingredient, but may be 
varied depending upon the particular form and may conve 
niently be between 4% to about 70% of the weight of the 
unit. The amount of the compound present in compositions 
is such that a suitable dosage will be obtained. Preferred 
compositions and preparations according to the present 
invention are prepared so that an oral dosage unit form 
contains between 5.0-300 milligrams of a compound of the 
invention. 
The tablets, pills, capsules, troches and the like may also 

contain one or more of the following adjuvants: binders such 
as microcrystalline cellulose, gum tragacanth or gelatin; 
excipients such as starch or lactose, disintegrating agents 
such as alginic acid, Primogel, corn starch and the like; 
lubricants such as magnesium stearate or Sterotex; glidants 
such as colloidal silicon dioxide; and sweetening agents 
such as sucrose or saccharin may be added or a flavoring 
agent such as peppermint, methyl salicylate or orange fla 
voring. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid 
carrier such as polyethylene glycol or a fatty oil. Other 
dosage unit forms may contain other various materials 
which modify the physical form of the dosage unit, for 
example, as coatings. Thus, tablets or pills may be coated 
with sugar, shellac, or other enteric coating agents. A syrup 
may contain, in addition to the present compounds, sucrose 
as a sweetening agent and certain preservatives, dyes and 
colorings and flavors. Materials used in preparing these 
various compositions should be pharmaceutically pure and 
non-toxic in the amounts used. 

For the purpose of parenteral therapeutic administration, 
the compounds of the present invention may be incorporated 
into a solution or suspension. These preparations should 
contain at least 0.1% of a compound of the invention, but 
may be varied to be between 0.1 and about 50% of the 
weight thereof. The amount of the inventive compound 
present in such compositions is such that a suitable dosage 
will be obtained. Preferred compositions and preparations 
according to the present invention are prepared so that a 
parenteral dosage unit contains between 5.0 to 100 milli 
grams of the compound of the invention. 
The compounds of formula I of the present invention may 

also be administered by aerosol. The term aerosol is used to 
denote a variety of systems ranging from those of colloidal 
nature to systems consisting of pressurized packages. Deliv 
ery may be by a liquified or compressed gas or by a suitable 
pump system which dispenses the active ingredients. Aero 
sols of compounds of formula 1 may be delivered in single 
phase, bi-phasic, or tri-phasic systems in order to deliver the 
active ingredient. Delivery of the aerosol includes the nec 
essary container, activators, valves, subcontainers, and the 
like. Preferred aerosol are able to be determined by one 
skilled in the art. 
The compounds of formula I of this invention may also be 

administered topically, and when done so the carrier may 
suitably comprise a solution, ointment or gel base. The base, 
for example, may comprise one or more of the following: 
petrolatum, lanolin, polyethylene glycols, bee wax, mineral 
oil, diluents such as water and alcohol, and emulsifiers and 
stabilizers. Topical formulations may contain a concentra 
tion of the formula 1 or its pharmaceutical salt from about 
0.1 to about 10% w/v (weight per unit volume). 
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Some suitable transdermal devices are described in U.S. 
Pat. Nos. 3,742,951, 3,797.494, 3,996,934, and 4.031894. 
These devices generally contain a backing member which 
defines one of its face surfaces, an active agent permeable 
adhesive layer defining the other face surface and at least 
one reservoir containing the active agent interposed between 
the face surfaces. Alternatively, the active agent may be 
contained in a plurality of microcapsules distributed 
throughout the permeable adhesive layer. In either case, the 
active agent is delivered continuously from the reservoir or 
microcapsules through a membrane into the active agent 
permeable adhesive, which is in contact with the skin or 
mucosa of the recipient. If the active agent is absorbed 
through the skin, a controlled and predetermined flow of the 
active agent is administered to the recipient. In the case of 
microcapsules, the encapsulating agent may also function as 
the membrane. 

In another device for transdermally administering the 
compounds in accordance with the present invention, the 
pharmaceutically active compound is contained in a matrix 
from which it is delivered in the desired gradual, constant 
and controlled rate. The matrix is permeable to the release of 
the compound through diffusion or microporous flow. The 
release is rate controlling. Such a system, which requires no 
membrane is described in U.S. Pat. No. 3,921,636. At least 
two types of release are possible in these systems. Release 
by diffusion occurs when the matrix is non-porous. The 
pharmaceutically effective compound dissolves in and dif 
fuses through the matrix itself. Release by microporous flow 
occurs when the pharmaceutically effective compound is 
transported through a liquid phase in the pores of the matrix. 
The solutions or suspensions may also include one or 

more of the following adjuvants: sterile diluents such as 
water for injection, saline solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic sol 
vents; antibacterial agents such as benzyl alcohol or methyl 
paraben; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylene diaminetetraace 
tic acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity such as sodium chloride 
or dextrose. The parenteral preparation can be enclosed in 
ampules, disposable syringes or multiple dose vials made of 
glass or plastic. 

In vivo, the compounds of formula 1 are believed to be 
converted by esterases to compounds known to be active as 
human elastase inhibitors. For example, compounds of for 
mula 1 are converted into compounds disclosed in European 
Pat. Appl. OPI No. 0410411, published Jan. 30, 1991; 
European Pat. Appl. OPINo. 0195212, published Sep. 24, 
1986; European Pat. Appl. OPI No. 0529568, published 
Mar. 3, 1993, said references herein disclosed by reference 
as if fully set forth. The following examples illustrate the 
extent of elastase inhibition by selected compounds of 
Formula 1. 

EXAMPLE 10 

In vitro Assay of Human Neutrophil Elastase in the 
Presence of MDL 103.279 and Porcine Liver 

Esterase 

Human neutrophil elastase was assayed in vitro using 
N-MeOSuc-Ala-Ala-Pro-Val-p-nitroanilide, available 
commercially, as substrate. The assay techniques are similar 
to those described by Mehdi, et al., Biochemical and Bio 
physical Research Communications, 166, 595 (1990). The 
assay mixture consisted of partially purified elastase and 
substrate (0.2 mM) in 0.1M HEPES (pH 7.5), 0.5M NaCl, 
10% DMSO and 0.1% Brij 35. The reaction (3.0 mL, in a 
plastic cuvette) was maintained at 37° C. and the hydrolysis 
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of the substrate was followed in the presence of 66 nM of 
MDL 103.279 and 12.5 units of porcine liver esterase 
(Sigma Chemical Co., cat. no. E-3128). Enzyme was iso 
lated from human sputum, although recently it has become 
commercially available. The time course of the reaction was 
followed for 60 min. The extent of inhibition of elastase 
progressively increased with time with a half-time of 
approximately 10 min. From the final rate, a K, of 25 nM 
was calculated for the final inhibitory species, presumed to 
be MDL 101.146 (as disclosed in European Pat. Appl. OPI 
No. 0529568, published Mar. 3, 1993). This is consistent 
with the K, obtained independently for MDL 101.146. The 
K for MDL 103.279, the prodrug, was estimated from the 
initial rate to be greater than 2 M. To rule out interference 
of the esterase with the elastase assay, or a significant 
spontaneous (i.e. non-enzymatic) hydrolysis rate of MDL 
103.279, the following control experiments, as portrayed in 
FIG. 1, were performed: (A) elastase--elastase substrate; (B) 
elastase-helastase substrate-porcine liver esterase; (C) 
elastase-elastase substrate-MDL 103.279; as well as (D) 
elastase-elastase substrate-esterase-MDL 103.279. 

EXAMPLE 11 

In vitro Assay of Human Neutrophil Elastase in the 
Presence of MDL 104226 and Porcine Liver 

Esterase 

Human neutrophil elastase was assayed in vitro in the 
presence of MDL 104.226 and the techniques and proce 
dures described in Example 10. The use of MDL 104.226 
resulted in the same time course, as is evidenced in FIG. 2, 
line 4, and a final K, of 25 nM. 

EXAMPLE 12 

In vitro Assay of Human Neutrophil Elastase in the 
Presence of MDL 105,658 and Porcine Liver 

Esterase 

Human neutrophil elastase was assayed in vitro using 
MDL 105,658 and the techniques and procedures described 
in Example 10. The use of MDL 105,658 resulted in the 
same time course, as is evidenced in FIG. 2, line 6, and final 
K (K=25 nM) as described above for MDL 103.279. 

EXAMPLE 13 

In vitro Assay of Human Neutrophil Elastase in the 
Presence of MDL 105.457 and Porcine Liver 

Esterase 

Human neutrophil elastase was assayed in vitro using 
MDL 105,457 and the techniques and procedures described 
in Example 10. The use of MDL 105.457 resulted in an onset 
of inhibition of elastase which was significantly slower than 
that observed with MDL 103.279, as is evidenced in FIG. 2, 
line 3. 

EXAMPLE 1.4 

In vitro Assay of Human Neutrophil Elastase in the 
Presence of MDL 103.467 and Porcine Liver 

Esterase 

Human neutrophil elastase was assayed in vitro using 133 
nM of MDL 103.467 and the techniques and procedures 
described in Example 10. Upon complete hydrolysis, the K, 
determined from the final rate was 16 nM (compared with 12 
nM, the K of the parent drug, N-4-(4- 
Morpholinylcarbonyl)benzoyl-L-valyl-N-3,3,3-trifluro-1- 
(1-methylethyl)-2-oxopropyl)-L-prolinamide 52, deter 
mined independently). 
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EXAMPLE 1.5 described in Example 10. Upon complete hydrolysis, the K, 
determined from the final rate was 150 nM compared with 

In vitro Assay of Human Neutrophil Elastase in the 190 nM, the K, for the final product of the parent drug. 
Presence of MDL 105,070 and Porcine Liver 

Esterase N-(4-Morpholinylcarbonyl)-L-valyl-N-3,3,3-trifluoro-1- 
s (1-methylethyl)-2-oxopropyl-L-prolinamide 53, deter 

Human neutrophil elastase was assayed in vitro using mined independently. 
1.67 M of MDL 105,070 and the techniques and procedures 

( . ). GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 15 

( 2) INFORMATION FOR SEQID No:1: 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i MOLECULETYPE: peptide 

( x i SEQUENCE DESCRIPTION: SEQD NO:1: 

Xa a Xa a Xa a Xa a 

( 2) INFORMATION FOR SEQID NO:2: 

( i ) SEQUENCE CHARACTERISTICs: 
(A) LENGTH: 3 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( i x FEATURE; 
(ANAME/KEY: Modified-site 
(B) LOCATION: 1 

SEQUENCE LISTING 

(d) OTHER INFORMATION: note="tert-butyloxycarbonyl 
protected." 

( i x FEATURE: 
(A) NAME/KEY: Modified-site 
(B) LOCATION: 3 
(d) OTHER INFORMATION: note=''Terminal OHis replaced by 

modified valine analog" 

( x i SEQUENCE DESCRIPTION: SEQID NO:2: 

Xa a A a Xa a 
1. 

( 2) INFORMATION FOR SEQED NO:3: 

( i SEQUENCE CHARACTERISTICS: 
( A LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: inear 

( i i ) MOLECULETYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:3: 

Xa a Xa a Xa a Xa a 
1. 

( 2) INFORMATION FOR SEQID No.4: 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
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(D) TOPOLOGY: linear 

( i i MOLECULE TYPE: peptide 

( x i y SEQUENCE DESCRIPTION: SEQD NO:4: 

Xa a Xa a Xa a Xa a 

( 2 yINFORMATION FOR SEQID No.5: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: peptide 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:3: 

Xa a Xa a Xa a Ka a 
l 

( 2 ) INFORMATION FOR SEQID NO:6: 

( i SEQUENCE CHARACTERISTICs: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( xi ) SEQUENCE DESCRIPTION: SEQID No:6: 

Xa a Xa a Xa a Xa a 

( 2) INFORMATION FOR SEQID NO:7: 

( i ). SEQUENCE CHARACTERISTICS: 
(ALENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i y MOLECULETYPE: peptide 

( x i SEQUENCE DESCRIPTION: SEQID NO:7; 

Xa a Xa a Xa a Xa a 

( 2) INFORMATION FOR SEQID NO:3: 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D TOPOLOGY: linear 

( i i ) MOLECULETYPE: peptide 

( x i SEQUENCE DESCRIPTION: SEQID NO:8: 

Xa a Xa a Xa a Xa a 
1. 

( 2) INFORMATION FOR SEQID NO:9: 

( i SEQUENCE CHARACTERISTICS: 
A y LENGTH: 4 amino acidis 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:9; 
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Xa a Xa a Xa a Xa a 

( 2) INFORMATION FOR SEQID NO:10: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQID No:10: 

Xa a X a a X a a Xa a 
1. 

( 2 INFORMATION FOR SEQID No:11: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE:amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i y SEQUENCE DESCRIPTION: SEQID No:11: 

Xa a X a a X a a Xa a 

( 2) INFORMATION FOR SEQID No:12: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i y MOLECULETYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:12: 

Xa a X a a Xa a Xa a 
1. 

( 2 INFORMATION FORSEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE:amino acid 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: peptide 

( x i ). SEQUENCE DESCRIPTION: SEQID No:13: 

Xa a Xa al Xa a Xa a 
1 

( 2) INFORMATION FOR SEQID NO:14: 

( ; ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( i i y MOLECULBTYPE: peptide 

( x i SEQUENCE DESCRIPTION: SEQId. No:14: 

Xa a Xa a X a a Xa a 
1 

5,698,523 
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-continued 
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( 2) INFORMATION FOR SEQID NO:15: 

( i y SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 amino acids 
(B) TYPE:amino acid 
(D) TOPOLOGY: Einear 

( i i ) MOLECULETYPE: peptide 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:15: 

Xa a Xa a Xa a Xa a 

What is claimed is: 
1. A compound of the formula 

K-P-P-P-EAC (SEQ, ID No. 1) 

wherein 

EAC is a group of the formulae wherein 
O 

CFR3R, H 
C N Sls o1 NR 

R 

R is -CH, -CH(CH), -CHCHCH, -CHCH 
(CH) or -CH(CH)CHCH; 

R2 is -H, or is a (C-s)alkyl, (C-12)cycloalkyl (Cso) 
aryl or (C6-o)aryl(C1-)alkyl; 

R is -H or -F; 
R is -H, -F, -CF, -CFCF, -CFCFCF, 
-C(O)CRs, or -COO)NRR or is a (Cs)alkyl, (C- 
12)cycloalkyl, (C-o)aryl or (C-o)aryl(C-6)alkyl; 

R and Rs are each independently -H, or a C-s)alkyl, 
(C-12)cycloalkyl, (C6-o)aryl or (C6-o)aryl(C1-)alkyl; 

P is Ala, bala, Leu, Ile, Val, Nva, bVal, Met, Nile, Gly, 
Phe, Tyr, or Nal.(1) where the nitrogen of the alpha 
amino group is optionally substituted with an R group 
where R is a (C-s)alkyl, (C-12)cycloalkyl, (C-12) 
cycloalkyl(C1-)alkyl, (C-1)bicycloalkyl, (C-1) 
bicycloalkyl(C-3)alkyl, (C-o)aryl, (C6-o)aryl(C-6) 
alkyl, fused (C-o)aryl(C-12)cycloalkyl, fused (C-o) 
aryl(C-2)cycloalkyl(C1-)alkyl, or P is Pro; 

P is Ala, bAla, Leu, Ile, Val, Nva, bVal, Met, or Nile or 
an N-methyl derivative, Pro or Lys substituted on its 
epsilon amino group with a morpholino-B-group or 
Orn substituted on its delta amino group with a 
morpholino-B-group; 

P is a bond; 
K is hydrogen, formyl, acetyl, succinyl, benzoyl, 

t-butyloxycarbonyl, carbobenzyloxy, tosyl, dansyl, 
isovaleryl, methoxysuccinyl, 1-adamantanesulphonyl, 
1-adamantaneacetyl, 2-carboxybenzoyl phenylacetyl, 
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t-butylacetyl, bis(1-naphthyl)methyl)acetyl, -C(O) 
N-(CH), or -A-R wherein 

O O O O 

A is a C-, ----, -One-C --, or -i- and 
O H 

R is an aryl group containing 6, 10 or 12 carbons 
substituted by 1 to 3 members selected independently 
from the group consisting of fluoro, chloro, bromo, 
iodo, trifluoromethyl, hydroxy, alkyl containing from 1 
to 6 carbons, alkoxy containing from 1 to 6 carbons, 
carboxy, alkylcarbonylamino wherein the alkyl group 
contains 1 to 6 carbons, or K is 

--B-z O 
\ / 

wherein 
Z is N. and 
B is a group of the formulae 

O O O O 
I 

-C -- -h-c -- y -c-h-c -- y 
R" R" 

O O O 

-C C -- , -SO C -- y 

O O 
I 

-C-NH 2--. d -so:--, 

and wherein R is hydrogen or a (C1-)alkyl group; or 
a hydrate, isostere or pharmaceutically acceptable salt 
thereof. 

2. A compound of claim 1 wherein 
R is -CH(CH) or -CHCHCH; 
R2 is -H, (C-s)alkyl, (C-2)cycloalkyl or (C-o)aryl; 
R is -F; 
R is -H, -F, -CF, -C(O)ORs, -CO)NRR 

(Cs)alkyl, cyclopentyl, cyclohexyl, phenyl, benzyl; 
R and Rs are each independently -H, (C-8)alkyl, 

cyclopentyl, cyclohexyl, phenyl, or benzyl; 
P is Pro; 
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P is Ile, Val or Ala; 
P is a bond; 
K is benzoyl, t-butyloxycarbonyl, carbobenzyloxy, 

isovaleryl, -C(O)N(CH), or 

--B-z O 
\ / 

10 

wherein 
Z is N and 
B is a group of the formulae 

O O O O s 
I 

---, -h---, -k-h---, 
R R 

O O 20 

and wherein R is hydrogen or a (C)alkyl group. 25 
3. A compound of claim 2 wherein 
R is -H, methyl, ethyl, n-propyl, isopropyl, n-butyl, 

cyclopentyl, cyclohexyl, or phenyl; 
R is -H, -F, -CF, -CO)OR. -C(O)NRR, 

methyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl, 
cyclopentyl, cyclohexyl, phenyl, benzyl; 

R and Rs are each independently -H, methyl, ethyl, 
n-propyl, isopropyl, n-butyl, tert-butyl, cyclopentyl, 
cyclohexyl, phenyl or benzyl. 

4. A compound of claim 2 wherein 3S 
K is t-butyloxycarbonyl, or 

-- B-Z. O 40 
\ / 

wherein 
Z is N and 45 
B is a group of the formulae 

arC -- , -CH-C --, HC-CH-C --, 
50 

R" R" 

O O 

--(O)---, 
55 

and wherein R is isopropyl. 
5. A compound of claim 4 wherein 
R2 is -H, methyl, ethyl, n-propyl, isopropy, n-butyl, 60 

cyclopentyl, cyclohexyl, or phenyl; 
R is -H, -F, -CF, -C(O)ORs, -C(O)NRR 

methyl, ethyl, n-propyl, isopropyl. n-butyl, tert-butyl, 
cyclopentyl, cyclohexyl, phenyl, benzyl; 

54 
Rs and Rs are each independently -H, methyl, ethyl, 

n-propyl, isopropyl, n-butyl, tert-butyl, cyclopentyl, 
cyclohexyl, phenyl or benzyl. 

6. A compound of claim 1 wherein 
R is -CH(CH); 
R is -H, methyl, ethyl, n-propyl, isopropyl, n-butyl, 

cyclopentyl, cyclohexyl, or phenyl; 
R is -F; 
R is -F or -CF; 
P is Pro; 
P is Ile, Val or Ala; 
P is a bond; 
K is 

--B-z O 

wherein 
Z is N and 

B is a group of the formulae 

O O O O 
I 

HC --, -h-c --. -c-h-c --, 
R" R" 

O O 

-C C --, 

and wherein R is isopropyl. 
7. A compound of claim 1 wherein EAC is 

O 

H CFRR 

+ils 
R 

C 
o1 NR 

8. A compound of claim 2 wherein EAC is 

O 

H frt 
lso NR. 

R 

9. A compound of claim3 wherein EAC is 

O 

CFRR 
C 

o1 NR 
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10. A compound of claim 4 wherein EAC is 

O 

grR.R. 
H 

C 

NSls o1 NR. 
R 

11. A compound of claim 5 wherein EAC is 

O 

SFR.R. 
------, 

R 

12. A compound of claim 6 wherein EAC is 

O 

FR.R. 
+Rus 

R 

C 
o1 NR. 

13. A compound of claim 1 wherein said compound is 
(E)-N-4-(4-morpholinylcarbonyl)benzoyl-L-valyl-N-(2- 
(acetyloxy)-3,3,4,44-pentafluoro-1-(1-methylethyl)-1- 
butenyl-L-prolinamide. 

14. A compound of claim 1 wherein said compound is 
(E)-N-(4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-3.3, 
4,44-pentafluoro-1-(1-methylethyl)-2-(1-oxopropoxy)-1- 
butenyl)-L-prolinamide. 

15. A compound of claim 1 wherein said compound is 
(E)-N-4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-34, 
4,4-pentafluoro-1-(1-methylethyl)-2-(2-methyl-1- 
oxopropoxy)-1-butenyl)-L-prolinamide. 

O 
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16. A compound of claim 1 wherein said compound is 

(Z)-N-4-(4-morpholinylcarbonyl)benzoyl-L-valyl-N-(2- 
(acetyloxy)-3.3.4.4.4-pentafluoro-1-(1-methylethyl)-1- 
butenyl-L-prolinamide. 

17. A compound of claim 1 wherein said compound is 
(E)-N-4-(4-morpholinylcarbonyl)benzoyl)-L-valyl-N-(2- 
(acetyloxy)-3,3,3-trifluoro-1-(1-methylethyl)-1-propenyl)- 
L-prolinamide. 

18. A compound of claim 1 wherein said compound is 
(E)-N-(4-morpholinylcarbonyl)-L-valyl-N-(2-(acetyloxy)- 
3.3,3-trifluoro-t-(1-methylethyl)-1-propenyl)-L- 
prolinamide. 

19. A pharmaceutical composition comprising a com 
pound of claim 1 and a pharmaceutically acceptable carrier. 

20. A method of treating a neutrophil associated inflam 
matory disease in a patient in need thereof which comprises 
administering to the patient an anti-inflammatory effective 
amount of a compound of claim. 1. 

21. A method of treating emphysema in a patient in need 
thereof which comprises administering to the patient an 
anti-inflammatory effective amount of a compound of claim 
1. 

22. A method of treating cystic fibrosis in a patient in need 
thereof which comprises administering to the patient an 
anti-inflammatory effective amount of a compound of claim 
1. 

23. A method of treating chronic bronchitis in a patient in 
need thereof which comprises administering to the patient an 
anti-inflammatory effective amount of a compound of claim 
1. 

24. A method of treating inflammatory bowel disease in a 
patient in need thereof which comprises administering to the 
patient an anti-inflammatory effective amount of a con 
pound of claim 1. 
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